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Devwudfw
Vhyhudo vwxglhv duh frqfhuqhg zlwk wkh fkrlfh ehkdylru ri kljk vfkrro ohdyhuv1
Uhvhdufkhuv frqvlghu lqfuhdvlqjo| eurdghu vhwv ri fkrlfhv zlwklq d pxowlqrpldo fkrlfh
iudphzrun e| lqfoxglqj wudqvlwlrqv wr zrun dqg wr rwkhu ohyhov ri hgxfdwlrq1 Wkh
suhvhqw sdshu iroorzv iurp wklv olwhudwxuh dqg lghqwl￿hv wkh idfwruv ehklqg lqglylgxdo
ghflvlrq0pdnlqj lq wkh wudqvlwlrq iurp kljk vfkrro wr srvw0vhfrqgdu| hgxfdwlrq lq
Wkh Qhwkhuodqgv1
Jlyhq wkh elqdu| vwuxfwxuh ri wkh Gxwfk kljkhu hgxfdwlrq v|vwhp kljk vfkrro
ohdyhuv iroorz d klhudufklfdo ghflvlrq0pdnlqj surfhvv1 Lqlwldoo|/ wkh| ghflgh zkhwkhu
wkh| zdqw wr frqwlqxh hgxfdwlrq1 Vxevhtxhqwo|/ wkh vxevhw wkdw zdqwv wr frqwlqxh
hgxfdwlrq kdv wr pdnh d fkrlfh ehwzhhq surihvvlrqdo froohjh dqg wkh xqlyhuvlw|1 Zh
dgguhvv wkh ghwhuplqdqwv ri erwk w|shv ri ghflvlrq lq wkh fxuuhqw sdshu1 Sduwlfxodu
dwwhqwlrq lv jlyhq wr dffhvvlelolw| dvshfwv/ lqfoxglqj wkh jhrjudsklf orfdwlrq ri kljkhu
hgxfdwlrq lqvwlwxwlrqv1 Wkh pdlq k|srwkhvlv lv wkdw lqglylgxdov zkr olyh lq forvhu
sur{lplw| wr d kljkhu hgxfdwlrq lqvwlwxwlrq duh pruh olnho| wr frqwlqxh vwxg|lqj
diwhu kljk vfkrro/ dqg wkh| duh pruh olnho| wr fkrrvh wkdw w|sh ri lqvwlwxwlrq1
Lq rughu wr whvw wkhvh k|srwkhvhv/ zh dsso| pl{hg glvfuhwh fkrlfh prghov wr
lqglylgxdo0ohyho gdwd rq srvw0vhfrqgdu| hgxfdwlrq fkrlfhv1 Vhyhudo lqvwlwxwlrqdo
fkdudfwhulvwlfv duh frqvlghuhg wrjhwkhu zlwk yduldeohv frqwuroolqj iru wkh vwxghqw*v
vrflr0hfrqrplf edfnjurxqg dqg uhvlghqwldo orfdwlrq1
￿Xqlyhuvlw| ri Plqkr/ Sruwxjdo/ dqg Wlqehujhq Lqvwlwxwh/ Urhwhuvvwuddw 64/ 434; ZE Dpvwhugdp/ Wkh
Qhwkhuodqgv1 Hpdlo= vdCwlqehujhq1qo
|Ghsduwphqw ri Vsdwldo Hfrqrplfv/ Iuhh Xqlyhuvlw|/ Gh Erhohoddq 4438/ 43;4 KY Dpvwhugdp/ Wkh
Qhwkhuodqgv1 Hpdlo= u rud{Cihzhe1yx1qo
}Ghsduwphqw ri Vsdwldo Hfrqrplfv dqg Wlqehujhq Lqvwlwxwh/ Iuhh Xqlyhuvlw|/ Gh Erhohoddq 4438/ 43;4
KY Dpvwhugdp/ Wkh Qhwkhuodqgv1 Hpdlo= sulhwyhogCihzhe1yx1qo
44L q w u r g x f w l r q
Wkh sdwwhuq ri wudqvlwlrq iurp vfkrro wr wkh oderu pdunhw kdv ehhq fkdqjlqj1 Prghov ri
hgxfdwlrqdo lqyhvwphqw ghflvlrq/ zklfk dvvxph wkdw dq lqglylgxdo jrhv wkurxjk d shulrg ri
ixoo0wlph hgxfdwlrq iroorzhg e| d shulrg ri ixoo0wlph hpsor|phqw/ fdq rqo| sduwo| h{sodlq
qrzdgd|v uhdolw|1 Wkh wudqvlwlrq iurp vfkrro wr zrun lv ehfrplqj d judgxdo surfhvv/ dv
lqglylgxdov duh shulrglfdoo| ghflglqj zkhwkhu wr frqwlqxh rq wkh hgxfdwlrqdo v|vwhp/ dqg
zkhwkhu wr sduwlflsdwh lq wkh oderu pdunhw1
Wkh wlplqj ri wkh ghflvlrq rq zkhwkhu wr frqwlqxh vwxg|lqj kdv dovr ehhq vkliwlqj1
Vhyhudo vwxglhv kdyh dqdo|}hg wkh fkrlfhv pdgh e| vfkrro ohdyhuv dw wkh hqg ri frpsxo0
vru| vfkrrolqj +vhh/ iru lqvwdqfh/ Ulfh/ 4<<<,/ vlqfh wklv lv wkh uvw srlqw lq wlph lq zklfk
|rxqjvwhuv rsw ehwzhhq vwd|lqj rq ru ohdylqj wkh vfkrro1 Pruh uhfhqwo|/ wkh hqg ri vhf0
rqgdu| vfkrro kdv ehfrph dq lpsruwdqw ghflvlrq prphqw1 Rq rqh kdqg/ wklv uhvxowv iurp
wkh idfw wkdw lqglylgxdov whqg wr vshqg pruh dqg pruh wlph dw vfkrro dqg wkh qxpehu
ri vwxghqwv zkr frqfoxgh vhfrqgdu| hgxfdwlrq lv ulvlqj +RHFG/ 4<<:= 64<,1 Frpsohwlqj
wkh xsshu vhfrqgdu| hgxfdwlrq kdv ehfrplqj d plqlpxp uhtxlvlwh qrw rqo| wr dffhvv wkh
whuwldu| hgxfdwlrq ohyho/ exw dovr wr sduwlflsdwh lq oderu pdunhwv wkdw duh pruh dqg pruh
ghpdqglqj rq vnloov +RHFG/ 4<<:= 64<,1 Rq wkh rwkhu kdqg/ vwxglhv rq zdjh lqhtxdolw|
kdyh kljkoljkwhg wkh ulvlqj glhuhqfh ehwzhhq wkh hduqlqjv ri wkrvh zkr jhw d xqlyhuvlw|
ghjuhh dqg wkh hduqlqjv ri wkrvh zkr mxvw qlvk wkh vhfrqgdu| vfkrro +vhh/ iru lqvwdqfh/
Wdehu/ 5334> Fkhq/ 5336,1 Vrph vwxglhv jr hyhq ixuwkhu lq uhwxuqv wr vfkrrolqj dqdo0
|vlv/ e| frpsdulqj uhwxuqv ehwzhhq glhuhqw kljkhu hgxfdwlrq wudfnv/ wkdw lv/ dfdghplf
yhuvxv yrfdwlrqdo wudfnv1 Khlmnh dqg Nrhvodj +4<<<, frqfoxgh wkdw xqlyhuvlw| vwxglhv jhq0
hudwh pruh kxpdq fdslwdo/ zklfk fdxvh xqlyhuvlw| judgxdwhv wr hduq pruh wkdq judgxdwhv
ri kljkhu yrfdwlrqdo hgxfdwlrq/ uhjdugohvv wkh rffxsdwlrqdo grpdlq lq zklfk wkh| zrun1
Pdujrolv dqg Vlprqqhw +5336, qg vxssruw iru wkh k|srwkhvlv wkdw whfkqlfdo2surihvvlrqdo
hgxfdwlrq surylghv lqglylgxdov zlwk kljkhu txdolw| qhwzrunv ri frqwdfwv wkdq jhqhudo hg0
xfdwlrq/ zklfk vhhp wr eh wkh ehvw zd| wr gr zhoo lq oderu pdunhw/ hlwkhu ehlqj idvwhu lq
qglqj d mre/ ru surylglqj ehwwhu zdjhv1
Kljk vfkrro ohdyhuv* ghflvlrqv rq zkhwkhu wr frqwlqxh vwxg|lqj dqg rq zkhwkhu wr zrun
kdyh ehhq dqdo|}hg dffruglqj wr d zlgh ydulhw| ri vwdqgsrlqwv1 Iluvw vwxglhv frqvlghu
wkdw wkhvh duh elqdu| ghflvlrqv/ zlwk vwxghqwv fkrrvlqj ehwzhhq frqwlqxlqj dw vfkrro dqg
hqwhulqj wkh oderu pdunhw +vhh/ iru lqvwdqfh/ Nrkq hw do1/ 4<:9,1 Pruh uhfhqw zrunv
kdyh frqvlghuhg eurdghu vhwv ri fkrlfhv/ lqfoxglqj yrfdwlrqdo hgxfdwlrq rswlrqv dqg oderu
pdunhw dowhuqdwlyhv/ zklfk duh dqdo|}hg zlwklq pxowlqrpldo prghov +vhh/ iru lqvwdqfh/
Ulskdkq/ 5335> Qjx|hq dqg Wd|oru/ 5336> Jldqqhool dqg Prqiduglql/ 5336,1 Lq sduwlfxodu/
pxowlqrpldo prghov doorz iru wkh ghwhfwlrq ri hhfwv/ zklfk duh qrw lghqwldeoh lq wkh
frqwh{w ri d elqdu| prgho1 Iru h{dpsoh/ Qjx|hq dqg Wd|oru +5336, frqfoxgh wkdw vwxghqwv*
dfdghplf delolw| kdv d pxfk juhdwhu lpsdfw rq hquroophqw lq sxeolf 70|hdu froohjh wkdq
rq hquroophqw lq sulydwh 70|hdu froohjh> wkh suredelolw| ri hquroophqw lq hdfk rqh ri wkrvh
w|shv ri hgxfdwlrq lv glhuhqwo| dhfwhg ghshqglqj rq wkh hwkqlf jurxs dqg rq sduhqwdo
hgxfdwlrq1 Doprvw dozd|v wkrvh fkrlfhv duh dvvxphg dv lqghshqghqw/ dqg qrw vr pdq|
vwxglhv wdnh lqwr dffrxqw hlwkhu wkh +srwhqwldo, ghshqghqfh ri wkhvh ghflvlrqv dqg2ru rwkhu
fkrlfhv wkdw |rxqjvwhuv pdnh dw wkh vdph wlph1 Pduwlqh}0Judqdgr dqg Uxl}0Fdvwloor
+5335, zrun lv rqh ri wkh ihz sdshuv/ zklfk dqdo|}hv vlpxowdqhrxvo| wkuhh fruuhodwhg
5ghflvlrqv= zkhwkhu wr zrun/ zkhwkhu wr vwxg| dqg zkhwkhu wr olyh lq sduhqwdo krxvh1
Prvw ri uhfhqw vwxglhv hpskdvl}h wkh hhfw ri orfdo oderu pdunhwv dqg uhjlrqdo dvshfwv
rq |rxqjvwhuv* ghflvlrqv1 Krzhyhu/ qrqh ri wkhvh vwxglhv kdyh frpsohwho| h{soruhg wkh vsd0
wldo glphqvlrq ri wklv ghflvlrq surfhvv1 Iluvw/ dowkrxjk vhyhudo vwxglhv lqwurgxfh frqwurov
iru vsdwldo khwhurjhqhlw|/ zklfk lq jhqhudo duh orfdo oderu0pdunhw0uhodwhg yduldeohv/ qrqh
ri wkhp kdv wdnhq lqwr dffrxqw wkh vsdwldo hhfwv wkdw duh dovr dw zrun/ qdpho| vsdwldo
khwhurjhqhlw| dqg vsdwldo dxwr0fruuhodwlrq1 Wkhvh vwxglhv dvvxph wkdw wkh uhjlrqdo hqyl0
urqphqw ri wkh sduhqwdo krxvhkrog lv wkh pdlq vrxufh iru h{shfwhg hduqlqjv dqg h{shfwhg
hpsor|delolw| frqvhtxhqfhv ri vfkrrolqj/ dujxlqj wkdw lw lv txlwh xqolnho| wkdw hgxfdwlrqdo
ghflvlrqv duh grplqdwhg e| h{shfwdwlrqv uhodwlqj wr wkh uhjlrq zkhuh wkh vwxghqw pljkw
srvvleo| zrun diwhu judgxdwlrq +Kduwrj dqg Vhuudqr/ 5335,1 Wklv uhjlrqdo/ djjuhjdwh
lqirupdwlrq lv wkhq frpelqhg zlwk lqglylgxdo gdwd/ exw ljqrulqj wkh idfw wkdw wkh glvwxu0
edqfhv pd| eh fruuhodwhg dfurvv hdfk vsdwldo xqlw +wkdw lv/ uhjlrq ru vwdwh,/ zklfk ohdgv
wr d eldv lq ROV vwdqgdug huuru hvwlpdwhv1 Dffruglqj wr Prxowrq +4<<3,/ lw lv uhdvrqdeoh
wr h{shfw wkdw revhuydwlrqv wkdw vkduh dq revhuydwlrqdo fkdudfwhulvwlf olnh orfdwlrq/ dovr
vkduh xqrevhuydeoh fkdudfwhulvwlfv/ lpso|lqj wkdw glvwxuedqfhv duh fruuhodwhg1 Vhfrqg/
d frxqwu| lv d qhwzrun ri uhjlrqv2vwdwhv/ dqg zkdw kdsshqv lq rqh orfdo oderu pdunhw
pd| dhfw zkdw lv jrlqj rq lq doo ri wkh rwkhuv1 Vsdwldo dxwrfruhodwlrq lv h{shfwhg wr eh
wkh qrup lq dqdo|vlv lqyroylqj vsdfh/ vlqfh hohphqwdu| xqlwv zlwklq wkh vdph djjuhjdwh
xqlw duh olnho| wr eh vlplodu lq zd|v qrw wdnhq lqwr dffrxqw e| revhuyhg fkdudfwhulvwlfv ri
erwk wkh hohphqwdu| dqg djjuhjdwh xqlwv1 Zkhq ljqruhg/ vsdwldo dxwrfruuhodwlrq uhvxowv
lq plv0hvwlpdwhg vwdqgdug huuruv lq olqhdu prghov/ dqg +lq dgglwlrq, lqfrqvlvwhqw sdudph0
whu hvwlpdwhv lq qrq0olqhdu prghov1 Ulskdkq +5335, xvh d qrq0sdudphwulf udqgrp hhfwv
hvwlpdwru/ sursrvhg e| Khfnpdq dqg Vlqjhu/ wr dgguhvv wkh uvw sureohp/ exw wkh vhfrqg
rqh uhpdlqv xqvroyhg1 Ixuwkhupruh/ suhylrxv sdshuv ljqruh wkh pxowlohyho vwuxfwxuh ri
wkh gdwd/ zklfk lv dqrwkhu srwhqwldo iru wkh uhvxowv wr eh plvohdglqj1
Wklv vwxg| dgguhvvhv wkhvh lpsruwdqw vsdwldo lvvxhv edvhg rq lqglylgxdo gdwd iru Wkh
Q h w k h u o d q g v 1Z hi r f x vr qk l j kv f k r r oo h d y h u v *g h f l v l r q vp d g he |G x w f kv w x g h q w vz k rk d y h
d kljk vfkrro glsorpd1 Zh kdyh lghqwlhg wkuhh vsdwldo vfdohv wkdw duh uhohydqw wr wkh
vwxg| ri wkhlu fkrlfh ehkdylru= lqglylgxdo/ vfkrro dqg pxqlflsdolw|1 Vlqfh lqglylgxdov duh
qhvwhg zlwklq vfkrrov/ zklfk duh lq wxuq qhvwhg zlwklq pxqlflsdolwlhv/ pxowl0ohyho prghov
dssursuldwho| ghvfuleh vfkrro dqg pxqlflsdolw| hhfwv1 Wkh prgho irupxodwlrq wdnhv wkh
irup ri d pl{hg orjlw vwuxfwxuh/ iru kljk vfkrro ohdyhuv* fkrlfh dprqj wkuhh dowhuqdwlyhv=
yrfdwlrqdo froohjh/ xqlyhuvlw| dqg qr kljkhu hgxfdwlrq1 Wkh suhvhqw vwxg| wkhuhiruh dggv
wr wkh suhylrxv olwhudwxuh rq wklv wrslf dorqj wkh vsdwldo khwhurjhqhlw| dqg fruuhodwlrq
hhfwv/ zklfk duh h{solflwo| prghohg1
Wklv sdshu xqirogv dv iroorzv1 Vhfwlrq 5 surylghv vrph edfnjurxqg lqirupdwlrq rq wkh
Gxwfk hgxfdwlrqdo v|vwhp1 Wkh vwdwh ri duw ri wkh olwhudwxuh rq wkh fkrlfh ehkdylru ri kljk
vfkrro ohdyhuv lv suhvhqwhg lq wkh vhfwlrq 61 Vhfwlrqv 7 dqg 8 suhvhqw wkh hpslulfdo prgho
dqg wkh lqwhusuhwdwlrq ri wkh hvwlpdwlrq uhvxowv/ uhvshfwlyho|1 Ilqdoo|/ vrph frqfoxvlrqv ri
wkh vwxg| duh suhvhqwhg lq vhfwlrq 91
65 Gxwfk hgxfdwlrqdo v|vwhp= vrph edfnjurxqg
Gxwfk sxslov duh dgplwwhg wr vhfrqgdu| vfkrro diwhu ohdylqj sulpdu| hgxfdwlrq/ dw dq
dyhudjh djh ri 45/ dqg wkh| kdyh wr eh dw vfkrro xqwlo wkh djh ri 491 Wkh| duh iuhh
wr dwwhqg wkh vfkrro ri wkhlu fkrlfh/ surylghg wkh| phhw fhuwdlq jhqhudo frqglwlrqv1 Lq
sudfwlfh/ dw wkh hqg ri sulpdu| vfkrrolqj/ sxslov uhfhlyh d vfkrro uhsruw +rqghuzlmvnxqglj
udssruw, ghvfulelqj wkhlu ohyho ri dwwdlqphqw dqg srwhqwldo/ zklfk lv edvhg rq wkh uhvxowv ri
dq dwwdlqphqw whvw +FLWR whvw, dqg wkh hgxfdwlrqdo shuirupdqfh/ lqwhuhvwv dqg prwlydwlrq
ri wkh fklog1 Edvhg xsrq wkdw uhsruw/ sulpdu| vfkrrov dgylvh sduhqwv dv wr wkh w|sh ri
vhfrqgdu| hgxfdwlrq prvw vxlwhg wr wkhlu fklog1
Lq vfkrro |hdu 533325334/ d wrwdo qxpehu ri derxw ;96 wkrxvdqg vwxghqwv zhuh glv0
wulexwhg ryhu wkh h{lvwhqw ;67 vhfrqgdu| vfkrrov +Plqlvwhulh ydq Rqghuzlmv/ Fxowxxu hq
Zhwhqvfkdsshq/ 5336,1 Vhfrqgdu| hgxfdwlrq frpsulvhv vfkrrov surylglqj sudfwlfdo wudlq0
lqj +SUR/ Sudnwlmnrqghuzlmv,/ suh0yrfdwlrqdo vhfrqgdu| hgxfdwlrq +YPER/ Yrruehuhl0
ghqg Plgghoeddu Ehurhsvrqghuzlmv,/ vhqlru jhqhudo vhfrqgdu| hgxfdwlrq +KDYR/ Krjhu
Dojhphhq Yrruehuhlghqg Rqghuzlmv,/ dqg suh0xqlyhuvlw| hgxfdwlrq YZR +Yrruehuhlghqg
Zhwhqvfkdssholmn Rqghuzlmv,1
SUR lv d vshfldo irup ri vhfrqgdu| hgxfdwlrq/ wkdw dlpv dw suhsdulqj vwxghqwv/ zkr duh
qrw h{shfwhg wr wdnh d YPER glsorpd/ iru gluhfw hqwu| wr oderu pdunhw/ lq sduwlfxodu iru
orz0vnloo mrev1 YPER odvwv irxu |hduv/ dqg dlpv dw surylglqj edvlv iru ixuwkhu yrfdwlrqdo
hgxfdwlrq1 Wkh KDYR wudfn wdnhv yh |hduv/ zlwk d uvw vwdjh ri wkuhh |hduv iroorzhg e|
d wzr0|hdu vhfrqg vwdjh/ dqg suhsduhv vwxghqwv wr surfhhg zlwk wkhlu kljkhu hgxfdwlrq dw
surihvvlrqdo froohjhv1 Wkh orqjhvw wudfn/ YZR/ wdnhv vl{ |hduv/ glylghg lqwr wzr vwdjhv ri
wkuhh |hduv hdfk> lw suhsduhv vwxghqwv wr jr wr xqlyhuvlw|/ exw wkh| duh dovr txdolhg wr
vwxg| dw surihvvlrqdo froohjhv1 Hlwkhu lq KDYR ru lq YZR/ wkh vhfrqg vwdjh fruuhvsrqgv
wr xsshu vhfrqgdu| hgxfdwlrq1 Lq erwk KDYR dqg YZR vwxghqwv kdyh wr fkrrvh rqh
rxw ri irxu vxemhfw frpelqdwlrqv/ nqrzq dv surohv= vflhqfh dqg whfkqrorj|/ vflhqfh dqg
khdowk fduh/ hfrqrplfv dqg vrflhw|/ dqg fxowxuh dqg vrflhw|1
Wkhuh duh vfkrrov wkdw surylgh rqo| rqh w|sh ri vhfrqgdu| hgxfdwlrq/ exw prvw vhf0
rqgdu| whdfklqj wdnhv sodfh zlwklq frpelqhg vfkrrov1 Lq 5333/ wkh ghqrplqdwlrqdo vwuxf0
wxuh ri wkh vfkrrov vkrz wkdw derxw 5;( duh sxeolfo| uxq/ zkloh 5<( duh Fdwkrolf dqg
55( duh Surwhvwdqw> sulydwh qrq0ghqrplqdwhg vfkrrov uhsuhvhqw 44( ri wkh wrwdo qxpehu
dqg wkh uhpdlqlqj <( vfkrrov duh lqwhughqrplqdwlrqdo +Plqlvwhulh ydq Rqghuzlmv/ Fxo0
wxxu hq Zhwhqvfkdsshq/ 5336= 84,1 Doo vfkrrov kdyh d ohjdo dxwkrulw| +vfkrro erdug,1 Wkh
pxqlflsdo dxwkrulwlhv duh wkh orfdo dxwkrulw|/ lq erwk sxeolfo| dqg sulydwho| uxq vfkrrov1
Surylqfldo dxwkrulwlhv dovr sod| d uroh lq wkh hgxfdwlrqdo v|vwhp/ exw zlwk olplwhg dfwlrq
lq whupv ri wkh pdqdjhphqw ri vfkrrov dqg wkh fxuulfxoxp1 Doo uhjxodwlrqv dqg ohjlvodwlrq
duh ri uhvsrqvlelolw| ri wkh fhqwudo jryhuqphqw/ lq wkh shuvrq ri wkh Plqlvwhu ri Hgxfdwlrq/
Fxowxuh dqg Vflhqfh1
Dw wkh hqg ri vhfrqgdu| hgxfdwlrq/ d fhuwlfdwh lv dzdughg wr vwxghqwv zkr vxffhvvixoo|
frpsohwh wklv ohyho ri hgxfdwlrq1 Vwxghqwv kdyh wr gr dq lqwhuqdo dqg dovr qdwlrqdo h{dp
lq rughu wr jhw wklv fhuwlfdwh/ zklfk lv d plqlpxp dgplvvlrq uhtxluhphqw iru whuwldu|
hgxfdwlrq1 Iru PDYR/ KDYR dqg YZR vwxghqwv wkh wudqvihu udwhv iru srvw0vhfrqgdu|
hgxfdwlrq lv kljkhu wkdq <3( +Plqlvwhulh ydq Rqghuzlmv/ Fxowxxu hq Zhwhqvfkdsshq/ 5336=
7;,1 Lq 5333/ derxw :5( ri wkrvh vwxghqwv judgxdwlqj iurp KDYR zhqw wr surihvvlrqdo
7kljkhu hgxfdwlrq> dprqj wkrvh qlvklqj YZR/ dovr 5:( zhqw wr surihvvlrqdo hgxfdwlrq/
exw xqlyhuvlwlhv wrrn wkh eljjhvw vkduh/ zlwk 98( jrlqj wr xqlyhuvlw| hgxfdwlrq +Plqlvwhulh
ydq Rqghuzlmv/ Fxowxxu hq Zhwhqvfkdsshq/ 5336= 7<,1 Wudqvihuhqfhv ehwzhhq KDYR dqg
YZR pd| dovr kdsshq1
Wkh odvw ohyho ri hgxfdwlrq rqh fdq dfklhyh lv wkh whuwldu| hgxfdwlrq ru kljkhu hgxfdwlrq
ohyho1 Wkh Gxwfk kljkhu hgxfdwlrq v|vwhp/ lv d gxdo v|vwhp/ zlwk xqlyhuvlwlhv +ZR/
Zhwhqvfkdssholmn Rqghuzlmv, dqg yrfdwlrqdo froohjhv +KER/ Krjhu Ehurhsvrqghuzlmv,/
doprvw doo hqwluho| sxeolfo| ixqghg1 Wkh Qhwkhuodqgv kdv wkluwhhq xqlyhuvlwlhv/ lqfoxglqj
wkuhh whfkqlfdo xqlyhuvlwlhv dqg rqh djulfxowxudo xqlyhuvlw|1 Derxw 49: wkrxvdqg vwxghqwv
dwwhqghg wkhvh lqvwlwxwlrqv/ lq 5335253361 Lq 5333/ wkhuh zhuh 89 KER lqvwlwxwlrqv1
Iroorzlqj d kljkhu yrfdwlrqdo hgxfdwlrq lv pruh dqg pruh frpprq dprqj Gxwfk kljk
vfkrro ohdyhuv1 Dprqj wkh 657 wkrxvdqg lq wkh vhfwru lq 533525336/ derxw ;5 wkrxvdqg
zhuh uvw0|hdu vwxghqwv> d vkduh ri 6:( kdyh d KDYR glsorpd/ zkloh rqo| ;( ri wkrvh
zkr iroorzhg YZR lq kljk vfkrro jr wr yrfdwlrqdo kljkhu hgxfdwlrq +FEV/ 5336,1
Hyhu| vfkrro |hdu/ jryhuqphqw vhwv vrph plqlpxp uhtxluhphqwv uhjduglqj wkh vhf0
rqgdu| vfkrro glsorpdv wkdw doorz vwxghqwv wr dsso| iru hdfk frxuvh1 Lqvwlwxwlrqv fdq lp0
srvh uhtxlvlwhv uhjduglqj vxemhfwv* fkrlfh1 Wkh prvw iuhtxhqw lv wkh reoljdwlrq ri vwxg|lqj
vrph vshflf vxemhfwv gxulqj vhfrqgdu| hgxfdwlrq lq rughu wr dffhvv wr d fhuwdlq frxuvh1
Lq jhqhudo/ doo vwxghqwv zlwk d vhfrqgdu| vfkrro glsorpd pd| kdyh dffhvv wr xqlyhuvlw|
hgxfdwlrq/ dowkrxjk vrph h{fhswlrqv dsso|1 Exw/ iru prvw ri wkh surjudpv/ wkhuh duh qr
vxsso| frqvwudlqwv dqg wkhuh lv qr qhhg ri vwxg|lqj ghpdqg dqg vxsso| vlpxowdqhrxvo|1
Wkh vdph lv qrw hqwluho| wuxh iru surihvvlrqdo froohjhv/ zklfk ehqhw iurp vrph pruh iuhh0
grp uhjduglqj wkh dgplvvlrq fulwhuld ghqlwlrq/ lpso|lqj wkdw ghpdqg dqg vxsso| kdyh
wr eh vwxglhg dw wkh vdph wlph1
Vwxghqwv kdyh wr sd| ihhv> lwv dprxqw lv htxdo dfurvv doo vwxghqwv dqg qrw yhu| kljk1
Doo uhjxodu ixoo wlph vwxghqwv duh holjleoh iru vwxghqw vxssruw surylghg e| wkh jryhuqphqw/
zklfk lv frpsdwleoh zlwk vrph sduw wlph mrev1 Doo vwxghqwv duh holjleoh iru d edvlf judqw
iru wkh qrplqdo gxudwlrq ri wkh kljkhu hgxfdwlrq surjudp +728 |hduv,/ dqg lwv dprxqw
ghshqgv rq zkhwkhu vwxghqw olyhv lq sduhqwdo krph1 Ghshqglqj rq wkhlu lqfrph/ vwxghqwv
fdq dovr dsso| iru dgglwlrqdo ixqglqj/ qdpho| d vxssohphqwdu| judqw ru hyhq d ordq1 Vlqfh
4<<3/ doo vwxghqwv uhfhlyh d wudqvsruwdwlrq sdvv/ doorzlqj wkhp wr wudyho iru iuhh gxulqj
zrungd|v/ dqg zlwk glvfrxqw rq zhhnhqgv1 Xqwlo wkh :3v/ d srolf| ri ghfhqwudol}dwlrq
ri kljkhu hgxfdwlrq edvhg rq wkh hvwdeolvkphqw ri qhz xqlyhuvlwlhv zdv lpsohphqwhg lq
Wkh Qhwkhuodqgv1 Wklv zdv jxlghg pdlqo| e| vsdwldo htxlw| uhdvrqv1 Dv d uhvxow ri wklv
surfhvv/ dyhudjh dffhvvlelolw| ri wkh xqlyhuvlw| v|vwhp lv qrz uhodwlyho| kljk +Iorud{ hw do1/
5334= 59,14
Lq vxfk d frqwh{w ri fkhds dqg hdv| dffhvv wr kljkhu hgxfdwlrq/ zkdw grhv ghwhuplqh
Gxwfk kljk vfkrro ohdyhuv* ghflvlrq rq zkhwkhu wr frqwlqxh vwxg|lqjB Zkdw lv ehklqg
wkhlu fkrlfh ehwzhhq xqlyhuvlw| dqg surihvvlrqdo froohjhB
4Wkhuh lv d ghqvlw| ri derxw wkuhh xqlyhuvlwlhv shu 431333 np5/ dowkrxjk wkhuh lv frqvlghudeoh yduldwlrq
ehwzhhq uhjlrqv1
86 Olwhudwxuh rq fkrlfh ehkdylru ri kljk vfkrro ohdyhuv
Wkhuh duh vhyhudo eudqfkhv ri olwhudwxuh rq kljk vfkrro ohdyhuv* fkrlfhv/ iurp zklfk wkh
suhvhqw zrun iroorzv1 D elj jurxs ri vwxglhv dqdo|vhv wkh ghflvlrqv ri zkhwkhu wr zrun dqg
zkhwkhu wr vwxg| eh|rqg wkh vhfrqgdu| ohyho1 Rwkhu vwxglhv hvwdeolvk wkh olqn ehwzhhq
wkhvh fkrlfhv dqg rwkhu |rxqjvwhuv* ghflvlrqv/ vxfk dv wkh krxvhkrog irupdwlrq ghflvlrq
dqg wkh fkrlfh ri d uhvlghqfh1 Zh frqfhqwudwh rq wkh ghflvlrq wdnhq dw wkh hqg ri vhfrqgdu|
vfkrro/ jlyhq wkh lqfuhdvlqj uhohydqfh wkdw wklv prphqw kdv ehhq dfklhylqj lq wkh ghflvlrq
wr frqwlqxh vwxg|lqj1
Hduolhu hpslulfdo vwxglhv dvvxph wkh fkrlfh ehkdylru ri kljk vfkrro ohdyhuv dv d elqdu|
ghflvlrq ehwzhhq ixuwkhu hgxfdwlrq dqg oderu pdunhw1 Zkhwkhu wkh lqglylgxdo sxuvxhv d
srvw vhfrqgdu| hgxfdwlrq ru qrw lv wkh uhvhdufk txhvwlrq lq d kxjh qxpehu vwxglhv/ zklfk
prgho lw xvlqj orjlw2surelw vshflfdwlrqv +vhh iru lqvwdqfh/ Nrkq hw do1/ 4<:9> Elvkrs/
4<::> Yhqwl dqg Zlvh/ 4<;6> Nrggh/ 4<;9> Fdwvldslv/ 4<;:> Vdyrfd/ 4<<3> Nmhoovwurp dqg
Uhjqhu/ 4<<;> Eodfn dqg Vx/ 5335,1 Krzhyhu/ wkh rswlrq e| |rxqjvwhuv uhjduglqj wkhlu
frqwlqxdwlrq dw wkh vfkrro v|vwhp lv qrw frqqhg wr wkh ghflvlrq wr dwwhqg froohjh ru d
qrq0vfkrrolqj dfwlylw|1 Pruh uhfhqwo|/ qhz lqvwlwxwlrqv dsduw iurp wkh xqlyhuvlwlhv kdyh
ehhq jlyhq wkh rssruwxqlw| wr eh lqfoxghg dw wkh whuwldu| +srvw0vhfrqgdu|, hgxfdwlrq ohyho1
Wkh sxusrvh ri doprvw doo wkhvh vfkrrov lv yrfdwlrqdo dqg surihvvlrqdo rulhqwhg hgxfdwlrq1
Wkh vhw ri fkrlfhv lv qrw elqdu| dq| pruh/ vxjjhvwlqj wkh xvh ri pxowlqrpldo vshflfdwlrqv1
Wkh fkrlfh vhw ydulhv ehwzhhq vwxglhv/ ghshqglqj rq zkhwkhu wkh hpskdvlv ri wkh vwxg|
lv rq hgxfdwlrqdo fkrlfhv ru rq oderu pdunhw ghvwlqdwlrqv +vhh/ iru lqvwdqfh/ Ixoohu hw do1/
4<;5> Rugryhqvn|/ 4<<8> Pddql/ 5333> Eodfn dqg Vx/ 5335> Ulskdkq/ 5335> Qjx|hq dqg
Wd|oru/ 5336,1
Wkh ghflvlrqv rq zkhwkhu wr frqwlqxh vwxg|lqj dqg zkhwkhu wr hqwhu wkh oderu pdunhw
kdyh ehhq dqdo|}hg dffruglqj wr d zlgh ydulhw| ri vwdqgsrlqwv/ exw doprvw dozd|v wkhvh
fkrlfhv duh frqvlghuhg lqghshqghqw ri hdfk rwkhu1 Krzhyhu/ vrph h{fhswlrqv dsso|1 Vä dqg
Sruwhod +4<<;, xvh d elyduldwh surelw prgho wr prgho wkh fruuhodwhg dqg vlpxowdqhrxvo|
wdnhq ghflvlrqv rq zrunlqj dqg vwxg|lqj1 Pduwlqh}0Judqdgr dqg Uxl}0Fdvwloor +5335, jr
ixuwkhu lq wkh dqdo|vlv rq |rxqjvwhuv* ghflvlrqv/ vwxg|lqj wkhlu mrlqw ghflvlrq rq zkhwkhu wr
uhpdlq lq sduhqwdo krxvhkrog/ zkhwkhu wr zrun/ dqg zkhwkhu wr frqwlqxh dw vfkrro zlwklq
d wulyduldwh surelw vshflfdwlrq1 Wkh vdph wkuhh ghflvlrqv duh wkh pdlq irfxv ri wkh zrun
e| Jldqqhool dqg Prqiduglql +5336,/ zkr xvh d pxowlqrpldo surelw iru wkh dqdo|vlv1
Exw/ zkdw duh wkh srvvleoh uhdvrqv ehklqg dq lqglylgxdo*v ghflvlrq wr jr wr xqlyhuvlw|
ru dqrwkhu srvw0vhfrqgdu| vfkrroB Wkh ghflvlrq wr frqwlqxh lq vfkrro lv/ xvxdoo|/ pdgh e|
wkrvh lqglylgxdov zkr dqwlflsdwh kljkhu ixwxuh uhwxuqv iru d srvw0vhfrqgdu| ghjuhh wkdq
iru d vhfrqgdu| ghjuhh1 Lw lv pdlqo| wkh lqglylgxdo*v zloo ri lqyhvwlqj lq kxpdq fdslwdo wkdw
pdnhv wkh |rxwk jr rq vwxg|lqj1 Lq wkh frqwh{w ri wkh kxpdq fdslwdo wkhru|/ hgxfdwlrq fdq
eh ylhzhg dv dq lqyhvwphqw jrrg +Nrggh dqg Ulw}hq/ 4<;;> Ghphxohvwhhu dqg Urfkdw/
5333,1 Lq idfw/ vwxghqwv vshqg prqh| dqg wlph lq vfkrro ehfdxvh wkh| h{shfw wr udlvh
wkhlu surgxfwlylw| dqg/ frqvhtxhqwo|/ wkhlu ixwxuh zdjhv1 Dsduw iurp ehlqj dq lqyhvwphqw
ghflvlrq/ wkh ghpdqg iru hgxfdwlrq frxog dovr eh d fxuuhqw frqvxpswlrq fkrlfh +Nrggh dqg
Ulw}hq/ 4<;;> Gxfkhvqh dqg Qrqqhpdqq/ 4<<;,1 Shrsoh pd| dwwhqg froohjh ehfdxvh wkh|
olnh wkh frxuvhv ru wkh vwxghqw olih0vw|oh1 Wkhrulhv wkdw frqvlghu vfkrrolqj dv d frqvxpswlrq
dfwlylw| vwdqg wkdw ghpdqg iru kljkhu hgxfdwlrq ydulhv srvlwlyho| zlwk vwxghqwv* lqfrph
9dqg qhjdwlyho| zlwk lwv frvwv/ zklfk fdq eh hlwkhu gluhfw +wxlwlrq, ru lqgluhfw +rssruwxqlw|,
frvwv1 Nrggh dqg Ulw}hq +4<;7, lqwhjudwh frqvxpswlrq dqg lqyhvwphqw prwlyhv lq d xqltxh
prgho/ dffruglqj wr zklfk vwxghqwv fkrrvh wkh rswlpdo ohyho ri hgxfdwlrq/ fxuuhqw dqg
ixwxuh frqvxpswlrq/ vxemhfw wr wlph dqg exgjhw frqvwudlqwv1 Wkh vroxwlrq iru wklv sureohp
vxjjhvwv wkdw lqglylgxdo*v ghpdqg iru hgxfdwlrq lv d ixqfwlrq ri gluhfw dqg lqgluhfw frvwv/
lqfrph dqg zdjh glhuhqwldov1
Wkh gluhfw +rssruwxqlw|, frvw ri dwwhqglqj d kljkhu hgxfdwlrq lqvwlwxwlrq kdv uhfhlyhg
txlwh d orw ri dwwhqwlrq lq hpslulfdo zrun +vhh/ iru lqvwdqfh/ Rugryhqvn|/ 4<<8,1 Gluhfw
frvwv lqfoxgh wxlwlrq/ errnv dqg ihhv> irrg dqg krxvlqj duh qrw dozd|v rssruwxqlw| frvwv
ehfdxvh wkhvh h{lvw lq dq| fdvh1 Lw kdv ehhq irxqg wkdw kxpdq fdslwdo lqyhvwphqwv duh
pruh olnho| zkhq frvwv duh orzhu +Elvkrs/ 4<::> Ixoohu hw do1/ 4<;5,1 Vwxglhv wkdw dqdo|}h
wkh hhfw ri kdylqj d froohjh lq vwxghqwv* krphwrzq rq froohjh jrlqj ghflvlrqv qg wkdw
wklv hhfw lv odujhu iru wkrvh vwxghqwv zkr zrxog rwkhuzlvh vwrs vfkrrolqj dw orz ohyhov
+Fdug/ 4<<6,1 Ilqdqfldo vxssruw sdfndjhv/ fryhulqj dw ohdvw sduwo| wkh h{shqvhv ri froohjh
hgxfdwlrq/ duh dydlodeoh lq prvw ri kljkhu hgxfdwlrq v|vwhpv1 Wkh dprxqw ri qdqfldo
dlg/ lq wkh irup ri judqwv dqg vfkroduvklsv/ lv h{shfwhg wr kdyh d srvlwlyh hhfw rq wkh
suredelolw| ri hquroophqw +Ixoohu hw do1/ 4<;5> Fdwvldslv/ 4<;:,1 Qhyhuwkhohvv/ wkhvh qdq0
fldo dlg sdfndjhv uduho| fryhu doo wkh rxw0ri0srfnhw h{shqvhv/ vxfk wkdw vwxghqwv duh txlwh
riwhq ghshqghqw rq wkhlu idplolhv* qdqfldo uhvrxufhv1
Krxvhkrog lqfrph lv dprqj wkh prvw frpprqo| hyrnhg dujxphqwv zkhq glvfxvvlqj
wkh ghflvlrq wr frqwlqxh vwxg|lqj diwhu vhfrqgdu| ohyho/ zlwk prvw ri wkh vwxglhv qglqj
wkdw wkh kljkhu wkh lqfrph ri wkh krxvhkrog/ wkh kljkhu wkh ghpdqg iru srvw0vhfrqgdu|
hgxfdwlrq dqg wkh surshqvlw| wr eh dw vfkrro diwhu wkh vhfrqgdu| ohyho +Nrggh/ 4<;9>
Nrggh dqg Ulw}hq/ 4<;;> Vdyrfd/ 4<<3> Gxfkhvqh dqg Qrqqhpdqq/ 4<<;> Fkhffkl/ 5333>
Kduwrj dqg Vhuudqr/ 5335,1 Lq sduwlfxodu/ kljkhu lqfrph vwxghqwv duh pruh olnho| wr dwwhqg
d irxu0|hdu froohjh/ lq wkh XV +Qjx|hq dqg Wd|oru/ 5336,1 Sduhqwdo hgxfdwlrqdo ohyho dqg
rffxsdwlrqdo vwdwxv duh vrphwlphv xvhg hlwkhu wr sur{| wklv lqfrph hhfw/ ru wr fdswxuh
lwv rzq lpsdfw/ dqg h{huw d srvlwlyh lq xhqfh rq |rxqjvwhuv* ghflvlrqv wr dwwhqg kljkhu
hgxfdwlrq +Nrkq hw do1/ 4<:9> Yhqwl dqg Zlvh/ 4<;6> Nrggh/ 4<;9> Nrggh dqg Ulw}hq/
4<;;> Vdyrfd/ 4<<3> Nmhoovwuùp dqg Uhjqìu/ 4<<;> Fkhffkl/ 5333> Kduwrj dqg Vhuudqr/
5335,1 Lq sduwlfxodu/ dv sduhqwdo txdolfdwlrqv lpsuryh/ wkh suredelolw| ri hquroolqj lq d
irxu0|hdu froohjh lqfuhdvhv dqg wkh suredelolw| ri wdnlqj d mre dqg ohdylqj vfkrro ghfuhdvhv
+Qjx|hq dqg Wd|oru/ 5336,1 Qjx|hq dqg Wd|oru +5336, frqfoxgh lq idyru ri d srvlwlyh hhfw
ri sduhqwdo rffxsdwlrq dv zhoo1
Dyhudjh hduqlqjv glhuhqwldo ehwzhhq kljkhu hgxfdwlrq judgxdwhv dqg kljk vfkrro judg0
xdwhv lv d jrrg lqglfdwru ri uhodwlyh oderu pdunhw frqglwlrqv1 Hpslulfdo vwxglhv kdyh irxqg
d srvlwlyh hhfw ri wkh zdjh glhuhqwldov ehwzhhq froohjh dqg qrq0froohjh rffxsdwlrqv lq
orfdo oderu pdunhw rq vwxghqwv* olnholkrrg wr dwwhqg srvw0vhfrqgdu| hgxfdwlrq +Elvkrs/
4<::> Nrggh/ 4<;;> Gxfkhvqh dqg Qrqqhpdqq/ 4<<;> Kduwrj dqg Vhuudqr/ 5335,1 Ixu0
wkhupruh/ lqglylgxdov kdyh wr dvvhvv wkhlu suredelolwlhv ri vxffhvv lq vshflf hogv dqg2ru
rffxsdwlrqv1 Wkh h{shfwhg ixwxuh xqhpsor|phqw/ uhgxflqj wkh uhwxuqv wr hgxfdwlrq/
frxog uhgxfh wkh ghpdqg iru lw +Rugryhqvn|/ 4<<8> Ulskdkq/ 5335,1 Fxuuhqw xqhpsor|0
phqw udwh dovr sod|v d uroh lq wklv ghflvlrq surfhvv/ zlwk srru hpsor|phqw survshfwv
uhwdlqlqj |rxqjvwhuv lq vfkrro +Frupdq dqg Gdylgvrq/ 4<;7> Vdyrfd/ 4<<3> Kduwrj dqg
Vhuudqr/ 5335> Jldqqhool dqg Prqiduglql/ 5336,1 Vrph uhfhqw zrunv duh ghyrwhg wr wkh
:hhfw ri idplo|/ ri qhljkerukrrg dqg ri hwkqlflw| rq lqglylgxdov* kxpdq fdslwdo ghflvlrqv/
suredeo| ehfdxvh wkh nqrzohgjh ri rwkhuv* ehkdylru uhgxfh wkh xqfhuwdlqw| lqyroyhg lq
wklv w|sh ri ghflvlrqv +Erumdv/ 4<<8,1
Kxpdq fdslwdo wkhru| dovr suhglfwv wkdw suhvhqw0rulhqwhg shrsoh duh ohvv olnho| wr jr wr
froohjh wkdq iruzdug0orrnlqj shrsoh +rwkhu wklqjv htxdo,/ dqg wkdw prvw froohjh vwxghqwv
duh |rxqj +Hkuhqehuj dqg Vplwk/ 5333,1 Wkh suhvhqw0rulhqwhgqhvv lv txlwh gl!fxow wr
whvw/ exw djh kdv ehhq lqfoxghg lq prvw ri hpslulfdo vwxglhv1
Nrggh dqg Ulw}hq +4<;;, dgg wr wkh frqvxpswlrq dqg kxpdq fdslwdo h{sodqdwlrqv d
wklug rqh/ zklfk frphv iurp wkh vfuhhqlqj wkhrulhv1 Iurp wkh lqglylgxdo vwdqgsrlqw/ wkh
vfuhhqlqj dssurdfk lv txlwh uhodwhg wr wkh kxpdq fdslwdo wkhru|1 Zkloh kxpdq fdslwdo
wkhru| vd|v wkdw hgxfdwlrq lqfuhdvhv lqglylgxdo kxpdq fdslwdo/ vfuhhqlqj wkhru| vwdqgv
wkdw hgxfdwlrq vhohfwv pruh deoh vwxghqwv/ zkr duh dvvxphg wr eh pruh surgxfwlyh/ zklfk
lv vxevhtxhqwo| xvhixo lqirupdwlrq iru hpsor|huv +wkdw lv/ d owhu dujxphqw,1 Dffruglqj
wr wkh odwwhu/ dw hdfk ohyho ri hgxfdwlrq vwxghqwv vhohfw wkhpvhoyhv wr jr wr wkh qh{w
hgxfdwlrqdo ohyho rq wkh edvlv ri wkhlu rzq vfkrodvwlf delolw|/ zklfk pd| eh uhodwhg zlwk
wkhlu surgxfwlylw|1 Lq wklv frqwh{w/ lw ehfrphv txlwh uhohydqw wr wdnh lqwr dffrxqw wkh
vwxghqwv* delolw|> dqg pruh wdohqwhg vwxghqwv duh h{shfwhg wr kdyh d kljkhu suredelolw| ri
ghpdqglqj iru kljkhu hgxfdwlrq1 Whvw vfruhv kdyh ehhq xvhg dv d sur{| iru wkh lqglylgxdo
lqlwldo vwrfn ri kxpdq fdslwdo/ dqg vwxghqwv zlwk kljkhu vfruhv vhhp wr eh pruh olnho| wr
dwwhqg srvw0vhfrqgdu| hgxfdwlrq +Ixoohu hw do1/ 4<;5> Yhqwl dqg Zlvh/ 4<;6> Nrggh/ 4<;9>
Fdwvldslv/ 4<;:> Vdyrfd/ 4<<3> Nmhoovwuùp dqg Uhjqìu/ 4<<;> Pddql/ 5333,/ qdpho| wkh|
duh pruh olnho| wr rsw iru dfdghplf surjudpv +Rugryhqvn|/ 4<<8> Qjx|hq dqg Wd|oru/
5336,1
Suhylrxv hpslulfdo zrunv dovr qg rwkhu lqglylgxdo2idplo| dqg vfkrro fkdudfwhulvwlfv
wr eh uhohydqw1 Jhqghu vhhpv wr sod| d uroh lq froohjh jrlqj surfhvv/ exw wkh uhvxowv duh
qrw frqvlvwhqw ehwzhhq vwxglhv1 Vrph vwxglhv frqfoxgh iru d kljkhu suredelolw| ri jrlqj wr
froohjh iru ihpdoh vwxghqwv +Nrggh/ 4<;9> Nrggh dqg Ulw}hq/ 4<;;> Vdyrfd/ 4<<3,/ qdpho|
|rxqj jluov duh pruh olnho| wr fkrrvh d wzr0|hdu froohjh dfdghplf surjudp ru qr srvw0
kljk vfkrro hquroophqw +Rugryhqvn|/ 4<<8,1 Rwkhu vwxglhv frqfoxgh wkdw wklv suredelolw|
lv kljkhu iru pdoh |rxqjvwhuv +Fdwvldslv/ 4<;:,1 Fkhffkl +5333, qgv qr hylghqfh ri
jhqghu glvfulplqdwlrq lq wkh suredelolw| ri dwwhqglqj xqlyhuvlw|1 Dffruglqj wr prvw ri wkh
vwxglhv/ eodfn |rxwk duh pruh olnho| wr jr wr froohjh wkdq zklwh rqhv +Yhqwl dqg Zlvh/
4<;6> Fdwvldslv/ 4<;:> Ulfh/ 4<<<> Qjx|hq dqg Wd|oru/ 5336,1 Ixoohu hw do1 +4<;5, dqg
Vdyrfd +4<<3,/ krzhyhu/ qg h{dfwo| wkh rssrvlwh1 Ulskdkq +5335, frqfoxghv wkdw ehlqj
ri d iruhljq ruljlq lqfuhdvhv wkh suredelolw| ri qrq0hpsor|phqw1 Dovr sduhqwdo qdwlrqdolw|
vhhpv wr eh uhohydqw wr |rxwk fkrlfhv1 Idplo| vwuxfwxuh dsshduv wr eh dqrwkhu ghwhuplqdqw
ri |rxqjvwhuv* ghflvlrqv +Qjx|hq dqg Wd|oru/ 5336,1 Wkh kljkhu wkh qxpehu ri vleolqjv
dqg2ru wkh idplo| vl}h/ wkh orzhu wkh suredelolw| ri dwwhqglqj froohjh +Elvkrs/ 4<::> Kduwrj
dqg Vhuudqr/ 5335,1 Wkrvh vwxghqwv zkr kdyh vleolqjv lq froohjh duh pruh olnho| wr dwwhqg
lw/ dv zhoo +Fdwvldslv/ 4<;:,1
Wkh w|sh ri vhfrqgdu| vfkrro ri ruljlq pd| ghwhuplqh krz olnho| wkh vwxghqw lv wr
hquroo lq kljkhu hgxfdwlrq +Fdwvldslv/ 4<;:> Nrggh dqg Ulw}hq/ 4<;;> Fkhffkl/ 5333>
Qjx|hq dqg Wd|oru/ 5336,1 Wkh gluhfwlrq ri wkh hhfw/ krzhyhu/ ydulhv ehwzhhq frxqwulhv
dqg zlwk wkh vwuxfwxuh ri wkh hgxfdwlrqdo v|vwhp1 Vfkrro orfdwlrq +uhodwhg, hhfwv duh
dovr wdnhq lqwr dffrxqw lq vrph vwxglhv1 Qdpho| wkh vrfldo vwdwxv ri wkh qhljkerukrrg
;zkhuh wkh kljk vfkrro lv orfdwhg kdv d srvlwlyh hhfw rq |rxqjvwhuv* dwwhqgdqfh ri kljkhu
hgxfdwlrq lqvwlwxwlrqv +Elvkrs/ 4<::,1 Wkh hgxfdwlrqdo wudfn dqg shhu*v sodqv dsshdu
wr kdyh d srvlwlyh hhfw dv zhoo +vhh iru lqvwdqfh/ Ixoohu hw do1/ 4<;5> Rugryhqvn|/ 4<<8>
Pddql/ 5333,1 Wkh kljkhu wkh dgplvvlrq vwdqgdug/ wkh orzhu wkh suredelolw| ri dwwhqglqj
froohjh +Elvkrs/ 4<::,1 Vdyrfd +4<<3, vkrzv wkdw wkh hhfw ri wkh dfdghplf txdolw| ri wkh
lqvwlwxwlrq rq |rxqjvwhuv* dssolfdwlrq ghflvlrq lv txlwh vpdoo dqg vwdwlvwlfdoo| lqvljqlfdqw1
Lw kdv ehhq vkrzq wkdw vwxghqw*v uhjlrq ri uhvlghqfh dqg2ru wkh xuedql}dwlrq ohyho ri
wkh olylqj sodfh sod| d uroh lq ghwhuplqlqj |rxqjvwhuv* ghflvlrqv +Ulskdkq/ 5335> Jldqqhool
dqg Prqiduglql/ 5336> Qjx|hq dqg Wd|oru/ 5336,1 Olylqj lq vpdoo yloodjhv pdnhv lqgl0
ylgxdov ohvv olnho| wr vwxg| dqg ohvv olnho| wr zrun +Pduwlqh}0Judqdgr dqg Uxl}0Fdvwloor/
5335,1 Prvw vwxglhv qg d qhjdwlyh glvwdqfh hhfw +vhh iru lqvwdqfh/ Ixoohu hw do1/4 < ; 5 >
Rugryhqvn|*v/ 4<<8,1 Nmhoovwuùp dqg Uhjqìu*v +4<<;, uhvxowv/ krzhyhu/ lqglfdwh wkdw lq
Vzhghq jhrjudsklfdo glvwdqfh wr wkh qhduhvw xqlyhuvlw| glg qrw lq xhqfh wkh hgxfdwlrqdo
ghflvlrqv ri lqglylgxdov eruq lq 4<7; dqg 4<861
Wkh wrslf ri |rxwk uhvlghqwldo fkrlfh/ rqh ri wkh ghwhuplqdqwv lqfoxghg lq vwxglhv rq
zrunlqj dqg vwxg|lqj ghflvlrqv suhvhqwhg deryh/ kdyh ehhq xqghu dqdo|vlv e| lwvhoi lq
vhyhudo vwxglhv1 Nrkq hw do1 +4<:9,/ lq rqh ri wkh hduolhvw vwxglhv rq vwxghqwv uhvlghq0
wldo fkrlfh/ qg wkdw lqfrph sod| d uroh lq zkdw frqfhuqv wkh uhvlghqfh fkrlfh ri |rxqj
vwxghqwv1 Wkh suredelolw| ri fdpsxv uhvlghqf| lqfuhdvhv zlwk glvwdqfh dqg dw hdfk glv0
wdqfh wkh suredelolw| lv kljkhu iru kljkhu lqfrph vwxghqwv1 Rqr +5334, dqdo|vhv pljudwlrq
dprqj Mdsdqhvh vwxghqwv/ xvlqj d orjlw prgho1 Wkh pdlq frqfoxvlrq lv wkdw prvw ri
wkh xqlyhuvlw| uhvrxufhv dv zhoo dv wkh kljk0txdolw| lqvwlwxwlrqv duh frqfhqwudwhg lq odujh
flwlhv/ dqg vwxghqwv pryh dzd| iurp uhjlrqv zlwk orz xqlyhuvlw| uhvrxufhv wr wkrvh zlwk
kljkhu uhvrxufhv1 PfFdqq dqg Vkhssdug +5334, frqvlghu pljudwlrq wr dwwhqg xqlyhuvlw|
dv d uvw vwhs lq d vhtxhqwldo pljudwlrq ghflvlrq surfhvv/ lq zklfk wkh qh{w lqwhuuhodwhg
vwhs lv wkh ghflvlrq wr pljudwh wr dq hpsor|phqw orfdwlrq1 Wkh| vkrz wkdw iru wkh lql0
wldo ghflvlrq wr pryh/ ehwwhu kljkhu hgxfdwlrq lqvwlwxwlrqv lqgxfh pruh pljudwlrq/ kljk
lqwud0uhjlrqdo dydlodelolw| ri kljkhu hgxfdwlrq uhgxfhv pljudwlrq/ dqg phq duh lq jhqhudo
pruh preloh wkdq zrphq1 Lq wzr uhodwhg sdshuv +PfFdqq dqg Vkhssdug/ 5335d/e, wkh|
ixuwkhu lqyhvwljdwh wkh uhohydqfh ri fxowxudo dqg lqvwlwxwlrqdo idfwruv/ dqg ri jhqghu1
Wr vxppdul}h/ pdq| vwxglhv rq vfkrro ohdyhuv fkrlfh ehkdylru uhfrjql}h wkh srwhqwldo
lpsruwdqfh ri d zlgh udqjh ri uhjlrqdo idfwruv lq lq xhqflqj vwxghqwv ehkdylru1 Ljqru0
lqj wkh vsdwldo frqwh{w lq zklfk lqglylgxdov pdnh wkhlu fkrlfh fdq ohdg wr zurqj hlwkhu
hydoxdwlrq ru irupxodwlrq ri hgxfdwlrq srolf| phdvxuhv1 Ixuwkhupruh/ prvw hgxfdwlrqdo
gdwd kdyh d klhudufklfdo vwuxfwxuh zlwk vwxghqwv qhvwhg zlwklq vfkrrov/ dqg vfkrrov qhvwhg
zlwklq eljjhu vsdwldo xqlwv1 Lq vxfk d vsdwldo foxvwhulqj frqwh{w/ lw lv lpsruwdqw wr uhfrj0
ql}h wkh h{lvwhqfh ri vsdwldo dxwrfruuhodwlrq dqg vsdwldo khwhurjhqhlw|1 Lq rughu wr wdnh
lqwr dffrxqw wklv foxvwhulqj ri wkh gdwd lq wkh dqdo|vlv ri vfkrro ohdyhuv* fkrlfhv/ zh sursrvh
wkh xvh ri d pl{hg orjlw prgho/ zlwklq wkh frqwh{w ri d pxowl0ohyho dqdo|vlv iudphzrun1
Wkh prgho/ lwv hvwlpdwlrq dqg wkh dydlodeoh gdwd duh suhvhqwhg dqg glvfxvvhg lq wkh qh{w
vhfwlrq1
<7H p s l u l f d o i u d p h z r u n
714 Hpslulfdo prgho dqg hvwlpdwlrq surfhgxuhv
Dqdo|wlfdo phwkrgv kdyh qrw ehhq xvhg/ wkdw dvvhvv wkh uhohydqfh ri erwk vwxghqwv* fkdu0
dfwhulvwlfv dqg wkh fkdudfwhulvwlfv ri wkhlu plolhx/ frqvlghulqj wkhp lqghshqghqw ri wkhlu
dwwulexwhv dqg ri wkhlu ehkdylru1 Fohduo|/ iru prvw lqglylgxdov wkhuh lv qrw d xqltxh sodfh
zkhuh wkh| olyh dqg vrfldol}h1 Lw lv qrw rqo| wkh sodfh zkhuh vwxghqwv olyh/ exw dovr wkh
sodfh ri wkh kljk vfkrro wkh| dwwhqg/ wkdw kdyh dq lpsdfw rq vwxghqwv* ghflvlrqv1
Wkh ixqgdphqwdo xqlw ri dqdo|vlv lq d vwxg| ri vfkrro ohdyhuv* fkrlfhv lv wkh lqglylgxdo
vwxghqw1 Dv lw zdv ghvfulehg lq wkh suhylrxv vhfwlrq/ d zlgh udqjh ri lqglylgxdo fkdudf0
w h u l v w l f vk d y he h h qx v h gl qd o ov w x g l h v >d q gv w x g h q wf k r l f h vd u he h o l h y h gw ry d u |d f f r u g l q j
wr djh/ jhqghu/ hwkqlflw|/ dqg suhylrxv shuirupdqfh1
Exw vwxghqwv gr qrw olyh lq lvrodwhg frqwh{wv1 Wkh| vrfldol}h zlwk rwkhu lqglylgxdov/
qdpho| wkrvh dwwhqglqj wkh vdph kljk vfkrro1 Zh fdq h{shfw wkdw vwxghqwv dwwhqglqj
wkh vdph vfkrro whqg wr eh pruh dolnh lq wkhlu fkdudfwhulvwlfv wkdq lqglylgxdov udqgrpo|
fkrvhq iurp wkh zkroh srsxodwlrq1 Ehfdxvh wkh| zhuh wdxjkw wrjhwkhu dqg wkh| nhhs
rq vrfldol}lqj lq wkhlu hyhu|gd| olih/ wkh| whqg wr eh vlplodu lq wkhlu fkrlfhv/ ru dw ohdvw
wkh| pd| ghyhors vrph frpprq ihdwxuhv zklfk suhglvsrvh wkhp wr fkrrvh lq fhuwdlq
zd|v1 Vlqfh vwxglhv rq vfkrro ohdyhuv* ehkdylru orrn dw lqglylgxdov udwkhu wkdq vfkrrov/
fkdudfwhulvwlfv ri wkh kljk vfkrrov duh xvxdoo| lqfrusrudwhg lq wkh prgho dv lqglylgxdo ohyho
dvshfwv1
Pxfk vwxghqw vrfldol}dwlrq rffxuv rxwvlgh vfkrro/ lq sduwlfxodu vsdwldo frqwh{wv1 Lq0
glylgxdov zlwk wkh vdph fkdudfwhulvwlfv lq vrph duhdv duh pruh olnho| wr fkrrvh vwxg|lqj
dw xqlyhuvlw| wkdq lq rwkhu duhdv1 Vrph dwwhqwlrq kdv ehhq sdlg wr wkh vsdwldo frqwh{wv
zkhuh vwxghqwv vrfldol}h/ dqg zkhuh wkh| froohfw lqirupdwlrq derxw wkh oderu pdunhw frq0
vhtxhqfhv ri wkhlu fkrlfhv1 Djdlq/ ehfdxvh prvw vwxglhv ri vfkrro ohdyhuv* fkrlfhv duh edvhg
rq gdwd udqgrpo| froohfwhg iurp wkh zkroh srsxodwlrq/ orfdo2uhjlrqdo yduldeohv duh wuhdwhg
dv lqglylgxdo ohyho fkdudfwhulvwlfv1 Qhyhuwkhohvv/ wkhuh lv qrw d vlqjoh vsdwldo frqwh{w zkhuh
vwxghqwv ohduq derxw wkhlu fkrlfhv1 Iurp wkh qhljkerukrrg wr wkh surylqfh zkhuh wkh|
olyh/ rqh fdq wklqn ri vhyhudo glhuhqw uhjlrqdo +pruh dqg pruh djjuhjdwh, fdwhjrulhv wr
eh wkh xqlw ri dqdo|vlv iru vwxghqwv* orfdo plolhx1 Lq Wkh Qhwkhuodqgv/ kljk vfkrrov rs0
hudwh xqghu wkh gluhfwlrq ri pxqlflsdolw| dgplqlvwudwlrq1 Ixuwkhupruh/ vwxghqwv whqg wr
vwxg| lq wkh vdph pxqlflsdolw| zkhuh wkh| olyh/ dqg gdwd dydlodeoh iru wkh vwxg| ri vfkrro
ohdyhuv* fkrlfh gr qrw lqfoxgh lqirupdwlrq derxw wkh uhvlghqfh sodfh zkloh dwwhqglqj kljk
vfkrro1 Wkh pxqlflsdolw| lv/ wkhuhiruh/ wkh qdwxudo fkrlfh iru uhjlrqdo xqlw ri dqdo|vlv1
Vxppdul}lqj/ zh fdq lghqwli| wkuhh vsdwldo vfdohv wkdw duh uhohydqw iru wkh vwxg| ri
vfkrro ohdyhuv* fkrlfhv= lqglylgxdo/ vfkrro dqg pxqlflsdolw|/ vxfk wkdw vwxghqwv duh qhvwhg
zlwklq vfkrrov/ zklfk lq wxuq/ duh qhvwhg lq pxqlflsdolwlhv1 Lq vxfk vsdwldo foxvwhulqj
frqwh{w/ lw lv lpsruwdqw wr eh dzduh ri wzr vsdwldo vxemhfwv= vsdwldo khwhurjhqhlw| dqg
vsdwldo dxwr0fruuhodwlrq1 Vsdwldo dxwrfruuhodwlrq dulvhv dprqj vfkrro ohdyhuv zlwklq d
vfkrro dqg2ru d uhjlrq ehfdxvh ri xqrevhuyhg orfdwlrq idfwruv1 Lqglylgxdov vrfldol}lqj
dqg olylqj forvh whqg wr lq xhqfh hdfk rwkhu fkrlfhv1 Ljqrulqj vsdwldo dxwrfruuhodwlrq
fdq fdxvh plv0hvwlpdwhg vwdqgdug huuruv lq olqhdu prghov/ dqg +lq dgglwlrq, lqfrqvlvwhqw
sdudphwhu hvwlpdwhv lq qrq0olqhdu prghov +Ekdw dqg ]kdr/ 5335,1 Vsdwldo khwhurjhqhlw|
43phdqv yduldwlrq dfurvv vsdwldo frqwh{wv1 Zkhq lw lv qrw wdnhq lqwr dffrxqw lq qrgholqj/
vsdwldo khwhurjhqhlw| fdq fdxvh vwuxfwxudo lqvwdelolw|/ vshfldoo| lq qrq0olqhdu prghov +Ekdw
dqg ]kdr/ 5335,1
Rxu dqdo|vlv wdnhv lqwr dffrxqw wkh klhudufklfdo vwuxfwxuh ri wkh uhdo zruog/ e| phdqv
ri pxowl0ohyho whfkqltxhv/ zklfk dovr dffrpprgdwh erwk vsdwldo khwhurjhqhlw| dqg vsdwldo
dxwr0fruuhodwlrq1 Wzr lpsruwdqw lvvxhv dvvrfldwhg zlwk wkh pxowl0ohyho dqdo|vlv duh wkh
w|sh ri foxvwhulqj dqg wkh ixqfwlrqdo irup ri wkh prgho vwuxfwxuh1 Frqfhuqlqj wkh w|sh
ri foxvwhulqj/ d wkuhh0ohyho prgho iroorzv iurp wkh deryh glvfxvvlrq1 Ehfdxvh zh zdqw wr
vwxg| kljk vfkrro ohdyhuv* fkrlfhv/ dprqj xqlyhuvlw|/ yrfdwlrqdo froohjhv dqg qr kljkhu
hgxfdwlrq/ wkh ixqfwlrqdo irup ri wkh prgho lv ri pxowlqrpldo orjlw w|sh1
Frqyhqwlrqdo pxowlqrpldo orjlw Frqvlghu wkdw dvvrfldwhg zlwk hdfk dowhuqdwlyh
w k h u hl vd qx q r e v h u y h g+ o d w h q w ,x w l o l w |L@/z l w k@ ehlqj wkh lqgh{ iru wkh  srvvleoh
fdwhjrulhv ri wkh ghshqghqw yduldeoh/ vxfk wkdw @ ' c2c1 Wklv xwlolw| phdqv wkh dw0
wudfwlyhqhvv ri wkh dowhuqdwlyh> wkh dowhuqdwlyh zlwk wkh kljkhvw xwlolw| lv vhohfwhg1 Wkh
uhvsrqvh lv d fkrlfh dprqj dowhuqdwlyhv1 T @/ @ ' c2c/ lv olqhdu suhglfwru1 Wkhq/ wkh
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￿, kdyh d orjlvwlf glvwulexwlrq/ dqg lw iroorzv wkdw wkh pxowlqrpldo suredelolw|
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Wkh pxowlqrpldo orjlw prgho fdq lqfoxgh erwk lqglylgxdo0vshflf dqg dowhuqdwlyh0vshflf
fryduldwhv1
D pl{hg orjlw prgho iru pxowlohyho gdwd lv hvwlpdwhg lq rughu wr dqdo|}h wkh fkrlfhv
ri kljk vfkrro ohdyhuv uhjduglqj kljkhu hgxfdwlrq1 Wkh gdwd lv suhvhqwhg lq wkh qh{w
vxevhfwlrq/ dqg diwhu wkdw zh suhvhqw vrph uhvxowv/ zklfk zhuh rewdlqhg zlwk JOODPP/
d VWDWD surjudp wr w Jhqhudol}hg Olqhdu Odwhqw dqg Pl{hg Prghov1
715 Gdwd dqg yduldeohv
Wkh gdwd vhw lq wklv vwxg| frphv iurp wkh UXEV +Uhjlvwudwlh Xlwvwurrp hq Ehvwhpplqj
ydq Vfkrroyhuodwhuv, vxuyh|/ frqgxfwhg e| wkh URD dprqj wkrvh lqglylgxdov zkr uhfhlyh
d ohdylqj uhsruw iurp d kljk vfkrro/ iurp erwk KDYR dqg YZR wudfnv1 Wkhvh lqglylgxdov
zhuh lqwhuylhzhg 4; prqwkv diwhu ohdylqj vfkrro1 Wkdw lv/ 4<<</ 5333/ dqg 5334 vxuyh|v lq
xvh lq wklv vwxg| uhihu wr 4<<:2<;/ 4<<;2<</ dqg 4<<<25333 vfkrro ohdyhuv* frkruwv/ uhvshf0
wlyho|1 Lqglylgxdov duh dvnhg shuvrqdo fkdudfwhulvwlfv/ dv zhoo dv wkhlu fxuuhqw vlwxdwlrq dw
wkh wlph ri wkh vxuyh|= zkhwkhu wkh| zhuh vwxg|lqj/ zkhwkhu wkh| zhuh zrunlqj ru rxw
ri wkh oderu irufh1 Vrph lghqwlfdwlrq lqirupdwlrq rq kljk vfkrrov dqg rq lqvwlwxwlrqv
zkhuh vwxghqwv dwwhqg ixuwkhu hgxfdwlrq lv dovr dydlodeoh> qdpho|/ lqvwlwxwlrq qdph dqg
orfdwlrq1
Zh vhohfw d vxe0vdpsoh frqvlvwlqj ri vfkrro ohdyhuv/ zkr uhfhlyhg d ohdylqj uhsruw
hlwkhu iurp KDYR ru iurp YZR/ dqg zkr jrw d glsorpd iru wkdw hgxfdwlrq ohyho1 Wkrvh
zkr gr qrw vdwlvi| wkhvh frqglwlrqv ru zkr kdg plvvlqj ydoxhv rq wkh yduldeohv wkdw zhuh
xvhg iru wkh dqdo|vlv zhuh h{foxghg1 Wkhuh duh vrph kljk vfkrrov zlwk pruh wkdq rqh
hvwdeolvkphqw lq rxu ruljlqdo vdpsoh/ phdqlqj wkdw vfkrrov duh qrw lqghshqghqw ri hdfk
rwkhu1 Lq rughu wr suhyhqw sureohpv dulvlqj iurp wklv w|sh ri fruuhodwlrq/ zh vhohfw rqo|
45rqh hvwdeolvkphqw ri hdfk vfkrro wr wdnh sduw ri wkh vdpsoh1 Wklv uhvxowhg lq d vxe0vdpsoh
ri 97;: lqglylgxdov1
Wkh yduldeohv wkdw zh xvh iru wkh suhvhqw dqdo|vlv duh ghvljqdwhg e| vw0 li wkh| uhihu
wr vwxghqw/ e| kv0 li wkh| uhihu wr wkh kljk vfkrro/ e| px0 li pxqlflsdolw| ohyho yduldeohv1
Vrph ghvfulswlyh vwdwlvwlfv rq wkh yduldeohv fdq eh irxqg lq dsshqgl{ D1
+D, Vwxghqw ghflvlrq dv dq rxwfrph yduldeoh Vfkrro ohdyhuv duh dvnhg wkhlu
pdlq dfwlylw| dw wkh prphqw ri wkh vxuyh|/ dqg zklfk w|sh ri hgxfdwlrq wkh| duh dwwhqglqj/
li wkh| duh vwxghqwv1 Edvhg rq wklv lqirupdwlrq/ d fkrlfh yduldeoh lv fuhdwhg1 Iurp wkh
vwuxfwxuh ri wkh Gxwfk kljkhu hgxfdwlrq v|vwhp iroorzv wkdw glhuhqw lqglylgxdov idfh
glhuhqw dowhuqdwlyh vhwv1 Zkloh vwxghqwv zlwk d YZR glsorpd fkrrvh dprqj xqlyhuvlw|/
surihvvlrqdo froohjhv dqg rxw ri kljkhu hgxfdwlrq/ wkrvh zkr dwwhqghg KDYR fdq rqo| rsw
ehwzhhq surihvvlrqdo froohjhv dqg rxw ri kljkhu hgxfdwlrq1 Vxfk glhuhqfhv lq wkh vhwv ri
srvvleoh uhvsrqvh fdwhjrulhv duh dffrpprgdwhg lq rxu prgho1
fkrlfh @ 4= qr kljkhu hgxfdwlrq> 5= Yrfdwlrqd Froohjhv> 6= Xqlyhuvlw|1
+E, Vwxghqw0vshflf yduldeohv Wkh lqglylgxdo yduldeohv duh frqvwuxfwhg edvhg rq
UXEV gdwd vhw/ iru 4<<</ 5333/ dqg 53341 Dw wkh vwxghqw ohyho/ zh frqvlghu yduldeohv vxfk
dv djh/ jhqghu/ qdwlrqdolw|/ dqg idplo| qdwlrqdolw|1 Vrph yduldeohv uhodwhg zlwk vfkrro
fduhhu/ vxfk dv dyhudjh judgh lq qdo h{dpv/ wkh kljk vfkrro wudfn/ dqg wkh kljk vfkrro
suroh/ duh dovr lqfoxghg1
Jhqghu= vw0pdoh1
vw0pdoh @ 4= pdoh vwxghqw> 3= rwkhuzlvh1
Djh= vw0djh1
vw0djh @ djh dw wkh prphqw ri wkh vxuyh|1
Qdwlrqdolw|= vw0gxwfk1
vw0gxwfk @ 4= Gxwfk vwxghqw> 3= rwkhuzlvh11
Idplo| qdwlrqdolw|= vw0engxfwk1
vw0engxfwk @ 4= erwk sduhqwv duh Gxwfk> 3= rwkhuzlvh11
Vfkrro shuirupdqfh= vw0jsd1
vw0jsd @ dyhudjh judgh lq qdo h{dpv1
46Vfkrro suroh= vw0whfk/ vw0vflhqfh/ vw0hfrqrp/ vw0fxowxuh1 Wkhuh duh irxu sur0
ohv dprqj zklfk vwxghqwv kdyh wr fkrrvh1 Glhuhqw surohv fruuhvsrqg wr d frpprq vhw
ri glvflsolqhv/ soxv d jurxs ri suroh vshflf frxuvhv1 Vlqfh hfrqrplfv dqg vrflhw| lv wkh
prvw iuhtxhqw suroh/ lw zdv rplwwhg dqg frqvlghuhg dv wkh edvh fdwhjru|1
vw0whfk @ 4= vflhqfh dqg whfkqrorj|> 3= rwkhuzlvh1
vw0vflhqfh @ 4= vflhqfh dqg khdowk fduh> 3= rwkhuzlvh1
vw0hfrqrp @ 4= hfrqrplfv dqg vrflhw|> 3= rwkhuzlvh1
vw0fxowxuh @ 4= fxowxuh dqg vrflhw|> 3= rwkhuzlvh1
Mre vhdufk=v w 0 v h d u f k
vw0vhdufk @ 4= vwxghqw vhdufkhg iru d mre lq wkh odvw |hdu dw vfkrro> r=
rwkhuzlvh1
+F, Vfkrro0vshflf yduldeohv Wkh qxpehu ri vwxghqwv lq wkh hvwdeolvkphqw/ wkh
w|sh ri kljk vfkrro/ wkh wudfnv wkdw duh rhuhg lq wkh hvwdeolvkphqw/ dqg wkh dyhudjh judghv
lq qdo h{dpv duh wkh yduldeohv dw wkh kljk vfkrro ohyho1 Wkh kljk vfkrro fkdudfwhulvwlfv
zhuh rewdlqhg wkurxjk wkh |hduo| txdolw| uhsruwv/ rq hdfk kljk vfkrro lq Qhwkhuodqgv/
zklfk duh hydoxdwhg e| hgxfdwlrqdo lqvshfwlrq dxwkrulwlhv +Lqvshfwlh Rqghuzlmv,1
Vl}h ri wkh vfkrro= kv0vwxg1
kv0vwxg @ qxpehu ri vwxghqwv lq wkh kljk vfkrro1
W|sh ri vfkrro= kv0sxeolf/ kv0sulydwh/ kv0sulyuho1 Wkhuh duh vhyhudo w|shv ri
kljk vfkrrov lq wkh Qhwkhuodqgv/ zklfk pdlqo| glhu lq whupv ri wkhlu ghqrplqdwlrq1
Sulydwh uholjlrxv kljk vfkrrov duh wkh edvh fdwhjru|1
kv0sxeolf @ 4= sxeolf kljk vfkrrov/ lqfoxglqj sxeolf dqg pxqlflsdo vfkrrov>
3= rwkhuzlvh1
kv0sulydwh @ 4= sulydwh +qrq0uholjlrxv, kljk vfkrrov> 3= rwkhuzlvh1
kv0sulyuho @ 4= sulydwh/ uholjlrxv kljk vfkrrov> 3= rwkhuzlvh1
+G, Pxqlflsdolw|0vshflf yduldeohv Dw wkh pxqlflsdolw| ohyho/ zh lqfoxgh wkh
dyhudjh lqfrph shu fdslwd/ dqg srsxodwlrq ghqvlw| +pxbsrs,1
Lqfrph shu fdslwd= px0lqfsf1
px0lqfsf @ lqfrph shu fdslwd lq wkh pxqlflsdolw|1
Srsxodwlrq ghqvlw|= px0srsghqv1
px0srsghqv @ srsxodwlrq ghqvlw| lq wkh pxqlflsdolw|1
47Yrfdwlrqdo froohjhv=p x 0 k e r
px0ker @ 4= wkhuh duh +dw ohdvw rqh, surihvvlrqdo froohjh lq wkh pxqlflsdolw|>
3= rwkhuzlvh1
Xqlyhuvlwlhv=p x 0 z r
px0zr @ 4= wkhuh duh +dw ohdvw rqh, xqlyhuvlw| lq wkh pxqlflsdolw|> 3= rwkhu0
zlvh1
8 Hpslulfdo uhvxowv
Zh uvw hvwlpdwh d pxowlqrpldo orjlw prgho/ zlwk udqgrp lqwhufhswv/ iru wzr0ohyho gdwd>
wkdw lv/ zh mxvw wdnh lqwr dffrxqw wkdw vwxghqwv duh qhvwhg zlwklq vfkrrov1 Wdeoh 4 suhvhqwv
wkh pdlq uhvxowv1
Wdeoh 4= Pl{hg orjlw prgho iru d wzr ohyho +klhudufklfdo, gdwd/ zlwk vwxghqwv qhvwhg zlwklq
vfkrrov
Variables coeff. (st-error) coeff. (st-error)
st-male 0.0385 (0.0828) 0.3952* (0.1118)
st-age 0.1138** (0.0465) -0.2073* (0.0736)
st-dutch 0.1621 (0.2081) -0.14232 (0.2964)
st-bkdutch -0.1034 (0.1222) -0.4475* (0.1680)
st-gpa 0.6089* (0.0745) 1.5399* (0.1010)
st-tech 0.3029* (0.1053) 0.8626* (0.1358)
st-science 0.2388** (0.1095) 0.3023** (0.1511)
st-culture 0.0521 (0.1086) 0.0456 (0.1512)
st-search -1.0412* (0.0973) -1.1802* (0.1433)
hs-stud 0.0001 (0.0001) 0.0001 (0.0001)
hs-public -0.0713 (0.1221) 0.4939* (0.1981)
hs-private -0.22 (0.1827) 0.2328 (0.2989)
mu-incpc -0.0928 (0.1066) 0.3681** (0.1759)
mu-popdens 0.0001 (0.0000) -0.0001 (0.0001)
mu-hbo -0.0723 (0.1399) -0.037 (0.2245)
mu-wo -0.1219 (0.1489) 0.5837** (0.2341)






Note: Significance at the 1, 5, and 10% level is indicated with *, ** and ***, respectively.
0.0603   (0.0329
0.7824
0.1549   (0.0619)
2: Voc. College 3: University
Choice
0.0384   (0.0235)
Uhvxowv lq Wdeoh 4 vkrz d qrw vljqlfdqw hhfw ri vwxghqwv qdwlrqdolw| +vw0gxwfk,/
wkh glphqvlrq ri wkh kljk vfkrro +phdvxuhg e| phdqv wkh qxpehu ri vwxghqwv/ kv0vwxg,/
sulydwh kljk vfkrrov +kv0sulydwh,/ dqg wkh xuedql}dwlrq ohyho ri wkh pxqlflsdolw| +sur{lhg
48e| wkh srsxodwlrq ghqvlw|/ px0srsghqv,/ rq erwk suredelolwlhv ri vwxg|lqj dw xqlyhuvlwlhv
dqg surihvvlrqdo froohjhv1 Wkh hhfw ri wkh h{lvwhqfh ri d yrfdwlrqdo froohjh zlwklq wkh
pxqlflsdolw| lv dovr qrw vljqlfdqw lq erwk fdvhv zkhq frpsduhg zlwk wkh qr kljkhu
hgxfdwlrq dowhuqdwlyh1
Wkh roghu wkh vwxghqw/ wkh kljkhu wkh suredelolw| ri rswlqj iru yrfdwlrqdo froohjhv wkdq
zrunlqj/ exw wkh orzhu wkh suredelolw| ri jrlqj wr xqlyhuvlw|/ zkhq frpsduhg zlwk wkh qr
kljkhu hgxfdwlrq dowhuqdwlyh1 Vwxghqwv zkrvh erwk sduhqwv duh Gxwfk duh ohvv olnho| wr jr
wr xqlyhuvlw|1
Wkhuh duh qr vljqlfdqw jhqghu glhuhqfhv/ h{fhsw iru wkh idfw wkdw pdoh vwxghqwv duh
pruh olnho| wr hquroo dw xqlyhuvlw|/ udwkhu wkdq zrun/ wkdq ihpdoh vwxghqwv1 Dv h{shfwhg/
vwxghqw*v suhylrxv shuirupdqfh vhhpv wr kdyh d srvlwlyh lpsdfw rq wkh ghflvlrq wr frq0
wlqxlqj dw vfkrro +vhh wkh srvlwlyh frh!flhqw ri vw0jsd,1 Wkh kljkhu wkh vwxghqw dyhudjh
judgh lq wkh qdo h{dpv/ wkh kljkhu wkh suredelolw| ri fkrrvlqj yrfdwlrqdo froohjh ru xql0
yhuvlw| lqvwhdg ri d qr kljkhu hgxfdwlrq dowhuqdwlyh1 Dowkrxjk wkh Gxwfk kljkhu hgxfdwlrq
v|vwhp grhv qrw vhohfw vwxghqwv dw hqwudqfh/ vwxghqwv vhhp wr vhohfw wkhpvhoyhv/ zlwk vwx0
ghqwv zlwk ehwwhu shuirupdqfh dw kljk vfkrro ehlqj pruh olnho| wr dwwhqg xqlyhuvlw| ru
yrfdwlrqdo froohjh1
Lw dsshduv wkdw wkrvh vwxghqwv zkr zdqw wr ohdyh vfkrro diwhu wkh vhfrqgdu| ohyho
vwduw orrnlqj iru d mre zkloh dw vfkrro1 Vwxghqwv dwwhqglqj hlwkhu yrfdwlrqdo froohjhv ru
xqlyhuvlwlhv duh ohvv olnh wr kdyh orrnhg iru d mre lq wkhlu odvw |hdu dw vhfrqgdu| hgxfdwlrq1
Lqglylgxdov wkdw iroorz hlwkhu d whfkqlfdo ru d vflhqfh suroh lq wkh kljk vfkrro duh pruh
olnho| wr fkrrvh d kljkhu hgxfdwlrq fduhhu/ zkhq frpsduhg zlwk wkh qr kljkhu hgxfdwlrq
dowhuqdwlyh/ wkdq vwxghqwv iurp hfrqrplfv +zklfk lv wkh edvh fdwhjru|,1 Qhyhuwkhohvv/
vwxghqwv dwwhqglqj wkh fxowxuh suroh gr qrw vljqlfdqwo| glhu iurp wkrvh lq hfrqrplfv/
lq zkdw frqfhuqv wr wkhlu fkrlfhv1
Wkh kljkhu wkh lqfrph shu fdslwd lq wkh pxqlflsdolw|/ wkh pruh olnho| vwxghqwv jr
wr xqlyhuvlw| frpsduhg wr qr kljkhu hgxfdwlrq rswlrq1 Wkh h{lvwhqfh ri d xqlyhuvlw| lq
wkh pxqlflsdolw| zkhuh vwxghqwv dwwhqg vhfrqgdu| hgxfdwlrq pdnhv wkhp pruh olnho| wr
dwwhqg d xqlyhuvlw| surjudp/ udwkhu wkdq rsw iru qr kljkhu hgxfdwlrq1
9F r q f o x v l r q v
Suhylrxv olwhudwxuh qg wkdw vfkrro ohdyhuv* ghflvlrqv duh ghwhuplqhg e| d zlgh udqjh ri
lqglylgxdo/ lqvwlwxwlrqdo dqg uhjlrqdo idfwruv/ exw wkh pxowl0ohyho vwuxfwxuh ri wkh hgxfd0
wlrqdo gdwd kdv kdugo| ehhq uhfrjql}h1 Ixuwkhupruh/ lq d frqwh{w ri vsdwldo foxvwhulqj
erwk vsdwldo khwhurjhqhlw| dqg vsdwldo dxwr0fruuhodwlrq duh olnho| wr eh suhvhqw1 Ehfdxvh
jurxslqj fdqqrw eh ljqruhg/ zh whvwhg iru wkh h{lvwhqfh ri vfkrro dqg uhjlrqdo hhfwv rq
vfkrro ohdyhuv* ghflvlrqv dprqj |rxqj shrsoh zkr ohiw kljk vfkrro/ lq Wkh Qhwkhuodqgv/
gxulqj wkh shulrg 4<<;053331
Lq wkh suhvhqw vwxg| zh frqvlghuhg d wzr ohyho klhudufklfdo vwuxfwxuh/ zlwk vwxghqwv
qhvwhg zlwklq vfkrrov1 Zh zdqw qrz wr h{whqg wkh dqdo|vlv wr wkh wkuhh0ohyho vwuxfwxuh
uhihuuhg deryh/ dffruglqj wr zklfk vwxghqwv duh qhvwhg zlwklq vfkrrov/ zklfk lq wxuq duh
qhvwhg lq pxqlflsdolwlhv1 Zh duh dovr orrnlqj iru d ehwwhu phdvxuh ri wkh dffhvvlelolw| wr
yrfdwlrqdo froohjh dqg xqlyhuvlw| hgxfdwlrq zlwklq hdfk pxqlflsdolw|1
49Dfnqrzohgjhphqw 4 Wkh uvw dxwkru judwhixoo| dfnqrzohgjhv qdqfldo vxssruw e| wkh
Sruwxjxhvh Irxqgdwlrq iru Vflhqfh dqg Whfkqrorj|/ IFW ^VIUK2EG2533528387`1
Uhihuhqfhv
^4` Ekdw/ Fkdqgud> dqg Kxlplq ]kdr +5335,1 Wkh vsdwldo dqdo|vlv ri dfwlylw| vwrs
jhqhudwlrq1 Wudqvsruw Uhvhdufk/ Sduw E/ 69/ 88:08:81
^5` Elvkrs/ +4<::,1 Wkh hhfw ri sxeolf srolflhv rq wkh ghpdqg iru kljkhu hgxfdwlrq1
Mrxuqdo ri Kxpdq Uhvrxufhv/ 45+6,/ 5;8063:1
^6` Eodfn/d q gVxil +5335,1 Zkr jrhv wr froohjhB Glhuhqwldo hquroophqw e| udfh dqg
idplo| edfnjurxqg1 Zrunlqj Sdshu <643/ QEHU1
^7` Erumdv/ Jhrujh M1 +4<<8,1 Hwkqlflw|/ qhljkerukrrgv/ dqg kxpdq fdslwdo1 Dphul0
fdq Hfrqrplf Uhylhz/ ;8+6,/ 69806<31
^8` Fdug/ Gdylg +4<<6,1 Xvlqj jhrjudsklf yduldwlrq lq froohjh sur{lplw| wr hvwlpdwh
uhwxuqv wr vfkrrolqj1 Zrunlqj Sdshu 64:/ Lqgxvwuldo Uhodwlrqv Vhfwlrq/ Sulqfhwrq
Xqlyhuvlw|1
^9` Fdwvldslv/ +4<;:,1 D prgho ri hgxfdwlrqdo lqyhvwphqw ghflvlrqv1 Uhylhz ri Hfr0
qrplfv dqg Vwdwlvwlfv/ 9<+4,/ 660741
^:` FEV/ Fhqwuddo Exuhdx Vwdwlvwlvfk +5336,1 Vwdwolqh1
^;` Fkhffkl/ +5333,1 Xqlyhuvlw| hgxfdwlrq lq Lwdo|1 Lqwhuqdwlrqdo Mrxuqdo ri Pdq0
srzhu/ 54+627,/ 4::05381
^<` Fkhq/ Vwdfh| K1 +5336,1 Hvwlpdwlqj zdjh yrodwlolwlhv iru froohjh yhuvxv kljk vfkrro
fduhhuv1 Xqsxeolvkhg grfxphqw/ dydlodeoh dw= 11
^43` Frupdq/d q gGdylgvrq +4<;7,1 Hfrqrplf dvshfwv ri srvw0vhfrqgdu| vfkrrolqj
ghflvlrqv1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 6+5,/ 464046<1
^44` Ghphxohphhvwhu/ Mhdq0Oxf dqg Urfkdw +5333,1 Oderu sduwlflsdwlrq ri kljkhu
hgxfdwlrq vwxghqwv1 Oderu/ 47+6,/ 83608551
^45` Gxfkhvqh/Ld q gZ 1Qrqqhpdqq +4<<;,1 Wkh ghpdqg iru kljkhu hgxfdwlrq lq
Ehojlxp1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4:+5,/ 54404;1
^46` Hkuhqehuj/d q gVplwk +5333,1 Prghuq Oderu Hfrqrplfv= Wkhru| dqg Sxeolf Sro0
lf|/ :wk hglwlrq/ Dgglvrq0Zhvoh|= Pdvvdfkxvhwwv/ Fdoliruqld/ Qhz \run/ Hqjodqg/
Rqwdulr/ V|gqh|/ Ph{lfr Flw|/ Pdgulg/ Dpvwhugdp1
^47` Hxu|glfh +5334,1 Wkh Hgxfdwlrq V|vwhp lq Wkh Qhwkhuodqgv +533325334,1 Dydlodeoh
dw= 1
4:^48` Iorud{/U 1M 1J 1P 1 >S 1Kdoo>K 1Wlwkhulgjh> dqg P1 Zlnkdoo +5336,1 D frp0
sdudwlyh dqdo|vlv ri wkh jhrjudsk| ri vwxghqw uhfuxlwphqw dqg oderu pdunhw hqwu|1
Lq J1 W ruqtylvw dqg V1 V ruolq +Hgv,1 Wkh Zhdowk ri Nqrzohgjh= Xqlyhuvlwlhv dqg wkh
Qhz Hfrqrp|1 PLW Suhvv/ Fdpeulgjh +iruwkfrplqj,1
^49` Ixoohu/>Pdqvnl>d q gZlvh +4<;5,1 Qhz hylghqfh rq wkh hfrqrplf ghwhuplqdqwv
ri srvw0vhfrqgdu| vfkrrolqj fkrlfhv1 Mrxuqdo ri Kxpdq Uhvrxufhv/ 4:+7,/ 7::07<;1
^4:` Jldqqhool/ Jldqqd Fodxgld> dqg Fkldud Prqiduglql +5336,1 Mrlqw ghflvlrqv rq
krxvhkrog phpehuvkls dqg kxpdq fdslwdo dffxpxodwlrq ri |rxwkv1 Wkh uroh ri h{0
shfwhg hduqlqjv dqg orfdo pdunhwv1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 49/ 59805;81
^4;` Kduwrj dqg Vhuudqr +5335,1 Hduqlqjv ulvn dqg ghpdqg iru kljkhu hgxfdwlrq1
Wlqehujhq Lqvwlwxwh Glvfxvvlrq sdshu qr1 455261
^4<` Khlmnh/d q gNrhvodj +4<<<,1 Wkh oderu0pdunhw srvlwlrq ri xqlyhuvlw| hgxfdwlrq
dqg kljkhu hgxfdwlrq yrfdwlrqdo hgxfdwlrq lq hfrqrplfv dqg exvlqhvv dgplqlvwudwlrq=
d frpsdulvrq1 Hgxfdwlrq Hfrqrplfv/ :+6,/ 58<05:91
^53` Nmhoovwurp/F 1d q gK 1Uhjqhu +4<<;,1 Grhv glvwdqfh wr d xqlyhuvlw| dhfw hq0
urophqw ghflvlrqvB Hylghqfh iurp gdwd rq wkuhh frkruwv ri Vzhghv1
^54` Nrggh +4<;9,1 Xqfhuwdlqw| dqg wkh ghpdqg iru hgxfdwlrq1 Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv/ 9;+6,/ 793079:1
^55` Nrggh/ Gdylg D1 dqg Mr}hi P1 P1 Ulw}hq +4<;7,1 Lqwhjudwlqj frqvxpswlrq dqg
lqyhvwphqw prwlyhv lq d qhrfodvvlfdo prgho ri ghpdqg iru hgxfdwlrq1 N|norv/6 : + 7 , /
8<;093;1
^56` Nrggh/ Gdylg D1 dqg Mr}hi P1 P1 Ulw}hq +4<;;,1 Gluhfw dqg lqgluhfw hhfwv ri
sduhqwdo hgxfdwlrq ohyho rq wkh ghpdqg iru kljkhu hgxfdwlrq1 Mrxuqdo ri Kxpdq
Uhvrxufhv/ 56+6,/ 6890:4
^57` Nrkq/>Pdqvnl>d q gPxqgho +4<:9,1 Dq hpslulfdo lqyhvwljdwlrq ri idfwruv zklfk
lq xhqfh froohjh0jrlqj ehkdylru1 Dqqdov ri Hfrqrplf dqg Vrfldo Phdvxuhphqw/ 827/
6<4074<1
^58` Pddql +5333,1 Vfkrro ohdylqj/ oderu vxsso| dqg whuwldu| hgxfdwlrq fkrlfhv ri |rxqj
dgxowv= dq hfrqrplf dqdo|vlv xwlol}lqj wkh 4<::04<<8 Fkulvwfkxufk Khdowk dqg Ghyho0
rsphqw Vxuyh|v1 Wuhdvxu| Zrunlqj Sdshu 33261
^59` Pdujrolv/d q gVlprqqhw +5336,1 Hgxfdwlrqdo wudfn dqg oderu pdunhw rxwfrphv1
L]D Glvfxvvlrq Sdshu qr1 9<<1
^5:` Pduwlqh}0Judqdgr/P 1d q gM 1Uxl}0Fdvwloor +5335,1 Wkh ghflvlrqv ri Vsdqlvk
|rxwk= d furvv0vhfwlrq vwxg|1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 48/ 63806631
4;^5;` PfFdqq/ S1> dqg V1 Vkhssdug +5334,1 Sxeolf lqyhvwphqw dqg uhjlrqdo oderu pdu0
nhwv= wkh uroh ri XN kljkhu hgxfdwlrq1 Lq G1 Ihovhqvwhlq/ U1 PfTxdlg/ S1 PfFdqq
dqg G1 Vkhihu +Hgv,/ Sxeolf Lqyhvwphqw dqg Uhjlrqdo Hfrqrplf Ghyhorsphqw= Hvvd|v
lq Krqrxu ri Prvv Pdgghq/ 4680861 Hgzdug Hojdu/ Fkhowhqkdp1
^5<` PfFdqq/ S1> dqg V1 Vkhssdug +5335d,1 Kxpdq fdslwdo/ kljkhu hgxfdwlrq dqg
judgxdwh pljudwlrq= dq dqdo|vlv ri Vfrwwlvk dqg Zhovk vwxghqwv1 Xqsxeolvkhg sdshu1
^63` PfFdqq/ S1> dqg V1 Vkhssdug +5335e,1 Dq dqdo|vlv ri wkh jhqghu ghwhuplqdqwv
ri XN judgxdwh pljudwlrq ehkdylru1 Sdshu suhvhqwhg dw wkh 75qg Frqjuhvv ri wkh
Hxurshdq Uhjlrqdo Vflhqfh Dvvrfldwlrq/ Gruwpxqg1
^64` Plqlvwhulh ydq Rqghuzlmv/ Fxowxxu hq Zhwhqvfkdsshq +5336,1 Idfwv dqg
Iljxuhv 53351
^65` Prxowrq/ Euhqw U1 +4<<3,1 Dq looxvwudwlrq ri d slwidoo lq hvwlpdwlqj wkh hhfwv
ri djjuhjdwh yduldeohv rq plfur xqlwv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/: 5 + 5 , /
667066;1
^66` Qjx|hq dqg Wd|oru +5336,1 Srvw0kljk vfkrro fkrlfhv= qhz hylghqfh iurp d pxowl0
qrpldo orjlw prgho1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 49/ 5;:06391
^67` RHFG +4<<:,1 Hgxfdwlrq dw d Jodqfh/S d u l v =R F G H 1
^68` Rqr/ K1 +5334,1 Pljudwlrq sdwwhuqv dprqj Mdsdqhvh xqlyhuvlw| vwxghqwv1 Sdshu
suhvhqwhg dw wkh Fhqwhu iru Hfrqrplf Srolf| Uhvhdufk Frqihuhqfh ri wkh Hxurshdq
Qhwzrun rq Mdsdqhvh Hfrqrp|/ R{irug1
^69` Rugryhqvn| +4<<8,1 Hhfwv ri lqvwlwxwlrqdo dwwulexwhv rq hqurophqw fkrlfh= lp0
solfdwlrqv iru srvw0vhfrqgdu| yrfdwlrqdo hgxfdwlrq1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/
47+7,/ 66806831
^6:` Udeh0Khvnhwfk/ Vrskld> Dqguhz Slfnohv> dqg Dqghuv Vnurqgdo +5334,1 JOODPP
Pdqxdo1 Kwws=22zzz1lrs1nfo1df1xn2LrS2Ghsduwphqwv2ElrFrps2surjudpv2joodpp1kwpo1
^6;` Ulfh/ Sdwulfld +4<<<,1 Wkh lpsdfw ri orfdo oderu pdunhwv rq lqyhvwphqw lq ixuwkhu
hgxfdwlrq= hylghqfh iurp wkh Hqjodqg dqg Zdohv |rxwk frkruw vwxglhv1 Mrxuqdo ri
Srsxodwlrq Hfrqrplfv/ 45/ 5;:06451
^6<` Ulskdkq/ Uhjlqd W1 +5335,1 Uhvlghqwldo orfdwlrq dqg |rxwk xqhpsor|phqw= wkh
hfrqrplf jhrjudsk| ri vfkrro0wr0zrun wudqvlwlrqv1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv/
48/ 44804681
^73` Vd/ Fduod dqg Pljxho Sruwhod +4<<;,1 Zrunlqj dqg vwxg|lqj= zkdw h{sodlqv
|rxqjvwhuv ghflvlrqvB Ox{hperxuj Hpsor|phqw Vwxg| Zrunlqj Sdshu qr1 481 Dydlo0
deoh dw iws=22olvzhe1fhsv1ox2ohv2zsv2ohvzs481sgi
^74` Vdyrfd +4<<3,1 Dqrwkhu orrn dw wkh ghpdqg iru kljkhu hgxfdwlrq= phdvxulqj wkh
sulfh vhqvlwlylw| ri wkh ghflvlrq wr dsso| wr froohjh1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/
<+5,/ 45604671
4<^75` Wdehu/ Fkulvwrskhu U1 +5334,1 Wkh ulvlqj froohjh suhplxp lq wkh hljkwlhv= uhwxuq
wr froohjh ru uhwxuq wr xqrevhuyhg delolw|B Uhylhz ri Hfrqrplf Vwxglhv/ 9;/ 99809<41
^76` Yhqwl dqg Zlvh +4<;6,1 Lqglylgxdo dwwulexwhv dqg vhoi0vhohfwlrq ri kljkhu hgxfdwlrq1
Froohjh dwwhqgdqfh yhuvxv froohjh frpsohwlrq1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 54/ 40651
DG h v f u l s w l y h v
Wdeoh 5= Ghvfulswlyh vwdwlvwlfv/ e| fkrlfh fdwhjru|
Variables mean (st-error) mean (st-error) mean (st-error)
st-male 0.3485 0.3708 0.4474
st-age 18.8470 (0.8449) 18.8664 (0.8358) 19.2893 (0.6557)
st-dutch 0.9605 0.9659 0 .9579
st-bkdutch 0.8622 0.8690 0.8517
st-gpa 6.4127 (0.5591) 6.5937 (0.5271) 6.9243 (0 .6556)
st-tech 0.1702 0.2297 0.4596
st-science 0.1459 0.1660 0.1356
st-culture 0.1631 0.1522 0.1278
st-search 0.2361 0.0949 0.0915
hs-stud 1388.6010 (642.4477) 1431.0810 (641.1637) 1316.3540 (595.6804)
hs-public 0.2503 0.2372 0.2457
hs-private 0.0790 0.0633 0.0817
mu-incpc 9.6022 (0.6175) 9.5981 (0.5890) 9.6296 (0.6514)
mu-popdens 2205.1990 (1477.1430) 2219.9590 (1565.6950) 2265.8620 (1417.7510)
mu-hbo 0.4975 0.4802 0.5066
mu-wo 0.2725 0.2439 0.3348
Nr of observations
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